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Abstrakt

Ol ek8vs§g se, ge harvestorov8 technologi

|l esn2ch porostT po ned8vn® kTrovcov® kal

bl 2zk®ho hospodaSen2 v | es2ch i nad8l e ve
vioce 2022yhpodé%tetlygmya. 4PRubl i kovan® || 8nk
cz?| analyzovat typy cen pro stanoven?2 obj
vV e standar du StanFor D, vietnhN anallzy o]

vyr §bnnl mi skmpTnaminalsyzdv §mreo bylo 14 ¢ty
vsoftwaru harvestoru v podm2nk8ch viroby s
(p8smovs8 a | ine8rnz) vyugiteln® v softwa
amodS2mwft War u harvesywgut tprto goapdlzet k-
parametrickou ( padlyylmonzijcikgotuQnometgedul 4 typ’
7r TznT ch al gAorr)i tpmmeoc hs t(amloven2 objemu vIiSez
M3 g)oskyt oval nej pSesnhj g22 ssteandketné]| nolbnjie
vi SezT. Al gobypt ntuesny A5M3t oDE) , vyug2vanl

hospodg&§Sstv2 stSedn2 Evropy, podhodnocoval
srovngn2 s algoritmem A2. Podobn®ve¢l slkadk:
podhodnocen2 objemu bylo o 6,48 % a u mod
viznamn® rozd2ly mezi p8smovIim odpoltem kT
kTry poug2vanl mi v softwarech harvestorT
dopojresmmo®¥t waru harvestoru vyug?2t met odu

odpoltT, u modS2nov®ho dS$2v2 |lze volit me
pr§&§ce zdTrazRuj? pot Sebu deviaddml2n2zxrhal cf
harvestorM2 prval izaijtiyt @I stupn2ch dat evi de
nastaven2 strojT tak® umogn?2 jejich efekt

mTge m2t tak® pozitivn2 vliiv na pS2jmy z

Kl 2] ov8 soémotviament n?2 metoda, Stanfor D,
dvojitg§ tlougSka kTry



Abstract

l't i s expected that harvester technol o
changes in forest stand composition follo
i ntensi fi ednautsuer eo ff ocrl eosste man a g & rBeofffot .t i Habrevre

in Czechia in 2022. The articles publ i she

categories for estimating | og volume and b
StanForD standard, including anvanabwuysi s
produced assortment groups. Fourteen pric

for spruce timber production and two bar
deduction method and parametric | iemsearr bal
software for pine and | ar ch -ltiinmebaerr pparroadnues
(pol ynomial) met hods <cannot be wused for

analyzedrficwr tcagmegories and found geven d
the | og vA/l)umeAs g(oAli t hm A2 (price category
vol ume =estimates compared to the real I o
M3t oDE), used in Central European forestry
bynor e 6t ampared to Algorithm A2. Similar
with an under &%t iamad i foomr olfar6c. 48t i mber , Wi

5. %9Si gni ficant di fferences were also fol

deduction method and the parametric |inear
software. For pine bark deduction, we Trec
accordamgteon Hdand deductions in the harves
choose between the | inear and diameter bal
the need for detailed knowledge of 4+ he fu
keegi software to ensure the validity of
harvesterd6s settings also enable efficient

i mber sal es.

~—+

Keywaassort ment method, StanfordD, bar k

doubl e bark thickness
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1 Pbvod

V poslednzch |l et ech zaznamens8v 8 me % E
harvestorov® technol ¢ ®ige n3s pmwiei¢ o@lors@b I3 og u 1
dS{wWbskal ik .rR$i aBeedrotd ineh)t n utttve matghii ( €T )N
Sez8no ,napsred®@ISk@d) druhovg&n2 na z8&kladhD stanc
a kvality dSeva (tj. viroba sortimentT) pS
tak® oznalwewirtas kjaaldinent8ovds&k § TG byt e.t al .,
DTvodem je, (eetmttcdhh mmetkomd & ijneskw, Gv®dsko,
vihradnhD vyug?2 v(8Geal Iperros tteldgtb u& dbS&hvl2i n, 1999
Moskalik .#taralest oz2®@¥8) technol ogie, kter§8 |j
spojena, je vhodnjSe plriol ntaXxgibcihv ppScerikossgthelcahy . |
Ost atn?2 dSeviny jsou zat2m z technologick
(Mederski .et al ., 2018)

Podv?ylt Dgen®ho dS2v2 harvestory se v Les
zvygoval a Vv roce& Pp0dDXodas §lelu vh&Eddkleans n o
109®arvestorT, z toho 1 062 na kolov®m pod
803 pro tRagbamminA2 sak8cec2mi h7l5vdmenRr &
vichovn®ep8&€dmhyn¥ch porostech zde pracuje
hl avi cemi s %wMEremRk OBBFBstcun zast oup enngs t Ot
v cel ko vewdt oxglbed nd?geSh shpelti waheo di | § t NDgba pr
ohsiélkl kogr out al pssmrtkyopysRgroapih k ® vy @atho | eS2klhad
uv®st rok 2019, kdy pod2l tRDgeb jehlilnat
9 Brn. Proporce t Dgby byl a d8&na Zpracovs8gn?
k'[rovcov(@\l’hZoe,dSZO/lz9, 2020, 2021, 2022, 2023

DS2v2 pSedstavuje kl2]ovl zdroj pS$S2jmT

jednotkovou cenu, je nutn® co nejpSesnnji
mnogstv2 obchodovatel n®ho dS$S2v2. Pouh® kv
dS2v2u moég@ati vnhD ovlivnit ekonomi ckou gi

avl astlekE[dwar doHarive>s&)or y automati zuj 2 mn
an8sl ednD provsg§d? stanoven? obj emu. Pokud
mohou blTt visteewewy denjleBRdovisycl ®MUSphddalkov
& Neruda, AI2O®I7i) harvestory jsou schopny mr

12



a tlougSky na milimetry, |l esk® | esnictv?z
t Dchto mNSen2 do ofici 8l n2ch z8znamT. To
(Hohmann et Aaby ,by2l0yl1 7T stupy z harvestorT
at ranspar enhons?p opdr§8oS slkeosun2evi denci , je nutn®

obezng§mena s fuagiod&mP m? cvhl r sppShitjwaalra] jse o og

met odi ku pro jejich ug2vsgnz2,
Virobcij2dodgvaestory viybayejn®c 2gno fnava rz
standarachlFor D, kterlT sloug? viEel Put@anly eisk @ ¢ iu

(Natov & Dvo9&khto268b8)Yware komunikuje s

harvestoru? sak apnS& vigaBmb dpuw ®h kiyl oau g Sky. St an
nabel2kemt ypdntetaja® gwrlitmus pro vipolet ol
rozmRDr T a z8roveR stanovuj 2 par ametr (vy!
sortimM@ng§dek & Neruda, 20BBy B¥kbgf owogkh® :
vyug?2vat harvestorovou technologii, mu s 2
technol ogiclp@r amévdmaysn mols® i . Mnoho aspekt]
zkoum8no, jako pogkozen? (vdeSezT mibwvotey pad
Karaszewski et al.,, 20d@BadWNutuldg knlcbreds madk T
& Neruda, “RPi0nBdst aJ(Wpkdnrnilar weestadr. |, 2017
2018 ptidauhdatmel | e & Huasp dtzE@DYY rl misrue n

et al ., 2006 ; Pajkog et @ar8ce20p8y 8Bmeilch
(Pur fuerrmitg m&nOLl DWWV @emD n2 mu softwaru neby
pozornost. TSet 2 | 1 8nek t ®t ostmrm&mobs repntuot o

smrkovich viSezT woasdenénmn®mveysi®mbnBar ve
sr Tzntlympy. cen

Aby byl o mogn®u upi @&y Rodij snionol pj Sens@ N
stanavema Sk@o kiTa yetStaln.owg2e3i2ul )k Try jsou p
velmi dTledgit®, protodge pot Seda jd Toxhed t2 t BN
pSedem s toabnduviemy cdhd cel kKb 8@Phok pbijeeunej poh
vipol etyn)ameg odt.Zta®t 9 L20U64] no s tti®mmySp Icled §8

EvropRD (s vijimkou napS. Finska) se dS2vy?
Zznamens§, ge z8kaznzci dost §vaj? KTru zda
aprofitpopvabhkavakl. eSmmlbwyv RIT@SBHNi byl a ji g v

13



znaln§ pozornost, proto je prvn2 a druhl
hospod8&§Ssk® jehli|lnat® dSeviny thRDgen® har v

Bor ovi cPei nluess n?y lj(ve gterdinou z komer | nD nej
VEvr ¢ RPszyk et Paddl,e 20d2a0j)T Mi ni st er stva ze
(MZe, t2v0025®?) borovice lesn2 pSiblignn 16 %
druhou nejzastoupenhj g2 dSevinou po smrku.
pionlrskl druh je vysazov8na za Yl elem pr
avhDtrovyumi2 a8 se tak® k virobD bioenergie,
a snadno zpracovateln®, bhRgnhD poudPuntayn®@tyv

al., 2014; Cao et al ., 2015; Gardner, 2013
ModS2n elvaroipss kileb(i dpaje jehlilnatl str
dS2v2 harveet o2roy22 VWwokr T val pSes 102 000
pSedstavovalo 3,9 % jejich dSevinn® skl
jehl il nanem po beosmokuci( 4618, %) %n. ModS2n
pNstovg§n2 sm2genich porostT a zvigen2 dr uh
pSi umiRlI ® obnovhN lesT po ITkogroutu smrko
zcel kov® rol|l n2 umiDl e zalesnhDn® plochy). D
zvligen? pod2lu modS2nu na 4,2 %. S ohl ed
aborovich porostech |lze olek§vat Vygag? ok

harvestorovioMZd echd3)ogi ?

Di sertal n? pr 8ce s e vilDnuj e probl emat:
specifickTch paervaindeetnr]Tn 2vne svolfrtowbanriui har vest
stanoven? objemwywuyioBem®Fands$hvaypT cen
Pochopengn2f ssmoggacwar u a jeho spr8vn® nast ay
el ektronick®ho mNSen2 dS2v2 harvestorem
por ovngn? viroby s e standartn?2 mi postupy
hospod§Sskou eviw®&mkis@odIdndcholdR.

14



2 C%pr 8ce

Tato pr8ce se vDnuje =evidenci dS2v?2 \
anastaven2 konkr®t n2ch a vadvddzZzohnpar amét

harvestoru. Hlavn2 c2l e pr8ce byly n8sl edl

(i) Anallza megpddcedpal tu kTry popsanich
url en2 rozd2I|I T mezi t Dhoporonbasnavivheld
nast awWem2 o paramevi Jesehtvwarobnilar vest
vyugpadmank8§ch | esn2ho hospod§Sstv?2 L

) Porovngn2 oljTe mble 2zaTkSlerzyT sst anovenT ch dI
typTamedmd odpoltu kTry pSi virobn dS?

vietnnD anallzy objemovich rozd2| T mez
skupinami wybrdmenh TdruuhT jehlilnatTcl
(i) Anallza vhodnost: vpyruog i bd pdliente 8o hf em

sestrojen® pro rTstL &y ® v p o-dvrhir dkbyn|Nd2Sm \
softwaru stroje wor ov mgen2o0deu p&§smovlich sr8§ge
t1l ougSkvyy bkrTarnyl cuh dr uhT jehlilnatTch dS§

PorozumhRn?2 nasviademPnzvhHo odbefdt waru har ve
evidenc?2 viroby dS$S2v2 pSi rTzn®m nastavens?
ugiteln® informace pro aplikovanou eviden
Chyba®t aven?2 strojT totig mTge uvs8§dhDt nes

vistupech evidence viroby dS2v2, codg mTge
dS2v2, ale tak® negativnred ektlriomnictk ®d @ v PrSy
harvestory

15



SLiter8rn2 regerge

3.lesy a tRNgba

Lesy jsou ned?2]| npoouk rsioal¢dsot8\ NIk ioo/sBf. ®@royz | @
Nej svogualovnomRDrnhD rozm2sthNDny poptek®mTswvBt D
nach8z2 pouze v pDti zem2ch (Brazz?lie, Ka
amer i ¥lk&®92ch s e nach§gz? v Dt gi nap ossukcyhtouzjem:
“utoligth pryyv guveecche snuecghyd8Ooms kgindhlch a . rost | i
Stromy jsou desnhhp?2eREBAWs vR@RGBIye poskyt uj?
cenn® produkty a ekosyst®mov® slugby v e
aesteticklch | i( Makihmolveny centP daolkl.y, o toJnFolv@i)lt &\ m?2
pS2rodnkRt ezrd® opd®i ssp¥tagv2®ho hospod§Sstvz, |
st8vs8§8 potenci 8§l nBkdiibmgkywdrEeDtkis §eh2ebi al
Zat2mco ve vDtginND svhDta doch8zp20skedh?ahr
10l0etech vyznaluje nepSetrgitim n8§rTstem
t Setcehlaov® plochyoEyvo widyg] 2Rk myIBF,l.ex3020)
Lesy jsou kI 2li owelkmonmmn kcemav zm2r Ruj2 dopad
ukl 8d8nePudhékuet Salromy290233du dl ouhovDk® a
po dloubMoKidobay .Atmasdf ®r 20OKM)uhl 2 kake® v §z
pTdy, |l 2mg se |l esy st8vaj? ©Obzadhljéu dakobl
vbi omase a pTdnRN v2ceaturhddfR@%e aegala ugodhe
trval ® udrgitelnosti je 9owl ddEo®Et hdDsPPIdE
EU pr o | esnict,v2 ktdeor ouoksut a2030( BurBwreams k

Commi ssion, 2021)

Lesy vyug2vaj?2 |lid® od nepamDti, a pr 8§
l idstvo zn8 (jMog kvad liki. edJgaalbldg pea@atigyna | i d®
Poug2valo se na virobu n8strojT, dopravn?
amnoho d&i g¥leosTH§kaj2d89ddJnou ze z8kladn2c
hospod§Sstvz?2, proatwvedr TmpgRayem g&d &Dmv 2 m
spot Seb(iBredwWm, . Klagad) r ok se povymR@&d ®m
1,0 | imdprrdT my s | ovi®e zk uk Tatt y moyt 0 mnomist ividr ¢pa c h &
zpNEziem2 USA, Ruska, L2ny, Kanady m#j 8&r az?2|
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produkov8&§no Gv®dskem, I ndon®si?2, Finskem
zbyt ekznikpahgodd8u k uj e m®n BF rod GFEO, M2016)

3.2Tvoj mechanizace v | esnictyv?

Lesnictyv? se viraznhD vyvinulo od prvn
traktorT ag po dnegn(2Nomwoddfejrenl2]P beytd Faalu.h,0 a2k0Rlo
byly | esnick® pr §c espporuodv § d?hma yp sxda®oacy2§ ganndi m &ul |
s2Mgchanvil zsme ctv2 vgak zalala mnohem pozd]
(Br own, 1949, Silversades, za9686denSmnothbeog
tNDgbua&torT proaYRSinlgldiaghoy §r01d$ .

Prvn2 motorov® pily, kter® byly dostat
vzni kly villodtKemhadlO1@dSsikiw er si des, 1.997; S
Vroce 1938 Kanngqodolvaé aj dna tov8rna na jej.i
tento polet wvzrost/l n(@@aSiglewse r saV ddgps T boIkeud 7119 Ste
desetilet? bhdoezugph@soS@IdnwIEl ge ndeojgviTloz nva mkOn @
anev2danim zmhDn8&m v 2 wRktchwky ziacgerntiNgb,y IdSs
amanager Tynpar ag®e@alodme ola m@udmyZed§k adn2 pr T
viozg2Sen2 motorovich pil nastal kolem rok
ge j e mohl deopirsa cughdorvzaks hk & & Konttinen, 199
Sundber gve dT&h)odn?2 KanadhD bylo v roce 19
pomoc?2 mot orovich pil, avgak do roku 196
(Silversides, 1997). PodobnT vivoj probz2]|
aNDmecku zS2zeny tov&rny Lnd®n.JJr &b G5mo2tlo.r o
20s.t ol et 2 se VvV Severn2 Americe experiment
pok&8cenTl chesazrSosmald n2 p o kz ao\ke dvegnazk npaSvi i njesskl To
vr oce (1BY205vn, 1949; .¥i l5Wer diedeesc,h WXYI7a) v S
ivSevern2 Americe vyvinuta Sada(2An8dseorvslscohn ,
200RPzs8&8hl 8 mechani z&owg@r abdPhblya av eo dSrkoaznud i dh
pozdRhDji neg v Severn?2 Aneetr ibcyel,y iv ykrdoybge ny gt r
pro o#8véDzr ushka & Ko trtoicreenl,9 5179 DA) pSedst a
speci 8l nN navrgenl |l esn?2 traki(&st bletrgr | 198
Viznamnim pokrokem pro skandin8§vsk® | esni
hydraulicklch nakl 8dac2ch klegt(Mal mber @, t
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1988)Nejprve se poug?2valy pouze stroje, k t
jednot!| i vies svTeBlemle wazn7ik | y st r(o¥set brra.gk §d®m
Har vest osrtyr, XK ighpp2e,v @t s oy ¥t i mebhylby?2 vynal ezeny

aFi nsku v -TDeaoabhk87& Ko/mt8tsil readdug sd&cGixlhg¢ t 2 c h
syst ®my mhDSen® sat raajto npartd zzaacjei ¢t [Ppro2s tsuoprntld m
vyv2ijely. Tyd ostt Y&l hsig oy melpm e gniiQ¥ Ig fa n

et al.Do X&) devades8§tlich |l et bylo v sev:q
9%dSYBillings|l.Syse¢t®@malv.g, t2@N&)f or mace, kte
komunisticklch regimJ na zalAYckhodaemol &1 oV
ovliivnila prakticky vgechn(ySarbdagdv 8 ekto nalr
Nejprve se jednal o o zmdanrua aval paestknTi cz avl? g v ek
komunistickIm regi mem tgMoskhalziekmkBv Vv mt . re
har vedsrtuohr® ¢oeynler apcSei vezeny do NRmecka, Gv T
navzdory pol 8tel n? skepsi, rychl e pr osac
vprob2rk8ch. V roce 1999 %twWadlye g v® NEOmeb Kk i
byl o hlavn2m dTvoddmedporptds arvan2wdj sttDohtTo j e
odstraRov§gn? l esn2ch porostT ptoFtkreasehcihe h
vsedmdebk &t Ech mi n(uDv@hSs§ ks, t 02 0elt &; S cJhel jai gchha me
vyug2vsgn2 se vgakapal abcen@pP0dDce NapB?¢%kj ad

VLR pw ovozu pSiblignn 60 harvestorT a roceée
pSibligrerpPithOpodd2]l na tNgbN dS2v2 vzrostl
VLRI Neruda et al ., 2022)

Z§ sadn?2i |lhmmeecch?a nsiyzsese ea o sn2 gemycmEleindd V]
dS2 vz, nedostatek pracovn2ch gqiPloraesn2géeas
Silversides, 199 hov&aadhkzenDa, | $§97T8)gbu na
| i nnmednest?2 pracovat c eBhremn n@ ytadviys 2bveszn
s2i1 gtbiydpy acopaetace pSevg§gnhD provs§dhDny ve d
char @Bt bvers.iyWw82vadm®7Rabiny a o¢mlh®ciosv Dt
a val k®ho c¢hNaw?uc ApadseEcgeyl.stroje je bezpeln
a krgoceneé s hel mou na wRthv emsu rpeStymc ep ald9ag ® ¢

se vV e gv®dsk®m | esnictv?2, pSechodem na
smot orovou ©pil ou, sn2gila Yrazovost o 73
spojeng wabSakémd motorovich pil.amNazdcuhe@
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viraznn zvigilaVex ®dskti wsiet ameg®®deer vyl dliol6
produkt ijveidtnao hpor 8pcreaz2a V3n 2nkatn 2 dBecave ¢ z A&l §

mechani za®e®dxkdd ak vreadi k §d rne arouv ns2nk? Jg team 2| epson
ag h(9%0x el ssoh§r owgedk) vzrostla popv§gka po
kval iddkampnrT ch ovl §daBtjumatewsk as @@rrddfjeee s k ,

mechani zace tNDgby postupuje skrze gest fé
proveyuwugst2m ani m8l n2 s2 ]| 8sk edInfD amd ohreart ii z
provozu (ClDalghzm 1196&&i) c i ob 2khraojk2ecnt mv v T v 0 |
automabidsacandn? pHESlelbsyt ropmr Stk oatl@. |, n 2 0p0oIk)

snahy vyvinout aut ono(nhe?l |vsotzri°dn aetpraol .I,e s2n0
Ri ng,daznh009; La Hera et al ., 2024; Mettin
Vizkumn® studie ukazuj 2?2, ge automati zace
|l esn2ho prostSed2? a dynamice strojT. Ni ¢cm

ovlI 8d8&8n2 stroje z rukou oper8torapr8eeuka

(Lindroos et al ., 2017; Mor ales et al ., 2
Vi sser &.0Obi, 2021)
Vsoul asn® dobnD e vel mi di skutovan®

hospodh&shéhy ve kter &@mwlbey alt v 20 vnt®movjt ee r d
ani g bwyem@mikloyz oval y Tea oht moi gl TeskmtBSawdj2e. k vyt v
stroj] T pchoecorigh m®mM®m,%rmo sst@mMmeAMB it lelr ®magis | ey

al ., .PxX0aov8d)DpodobnhND nejlastNjg?2m pogadavken
(Cambi etPSelpr,av2a0 1t5a)k ovi ch n§kladT, kdy sa
kmenT dosahuje ag 20 tun, je na | esn2z pTdl
k jej2mu pogkozen?z. K tomu je jegthD nut
EkonomickgabbedpskhaRuyeél N® jalbljaehmy siaut Se N
avysok® ogehtowsdBGRividrzodoesat al ., 2017)

3.Barveggotrtechnol ogi e

PSiTrobnD d6weivstthibk eneitmzdp TsobT samotn® tr
(Moskalik ,etz ahich®O0d4dg9er e n {ssks tSMeatjo?dcy?
zharvestoru B r avkytvogrgue c dweaoud va&mo et bsv Dt ov
technol ogi c k(yLimedjrvoyosspTelt@ ¢agR.2, o2plble7a)n ® | e i W

definovat jako soul §8st virobn2zho syst®mu,
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virobtkymt & virobmp?m ploodau dSév2 vyug2vaj ?
v souladu s defNaenolvywtndi@ij @rapidily. pracovr

apSi hl ®godme nk8§m prostSed2. VIirobn2 syst@
makro%rovni (lesnickIl prTmyslJi nltmik slao v
mnDIly | esn? operace prob2zhat zpTsobem, kKt e
winnd, I ndi vidu8l nhD k ompiants thbiitlunci,oneKk mlNo g
(Hei ni maniry,t 0200@d)i k8t ory jsou spoleln® i [
zemNdNI stv2 nebo tov&§rn2 viroba. Lesnz2 t0D

pouze wenmkd,n®m tern®nw ha T|cdfsLtodn|dia Dvoesc et al

Vysok§ efekti viptSae dtpd&kb ya djTe ujdedjri2tm | zn ®h o

Harvestory jsou vysoce &efektivn? stroj e,

met ody, tedy operaci k8cen? (aBom&sleetd nall .na
Produktivitu pr8ce harvestoru ovlivRuje n
obj erhmT) , ter®nem (skl on, stabilita, ner ¢
ramene) a oper8torem (zkugenosti, techni

nejviznamnhDjg2m faktorem ovlisoRujparzamepr
tNgen®h@Bi |semgtmouadd meheemu rosteAcupaoduk
Kell ogg, 20009; Ghaffariyan et al ., 2012;

2012)Neru@¢aoaéBobk, ge mal ® kol ov® harvestor
4 myroben®ho dS$S2v?2 3za thodii mw, 3asatvShdodking?n 1160
pSedstavuje pSi jednosmRnn®m pd&oOoloamju pr T
320m@vyroben®mpadedh®vzharvestory sjpodlSermat dlais
na tRgbu at mampethacemPj eonS® mo ¥amNr n§ spot S
Vygg?2 ho( owrjneimmuen .Pal gt m, zg868dénh2 mopakgtooran

Variabilita produktivity mezi kvidd g d | &to valn
2011; K&arh2a et al., 2@G6db,vE8OWEBIld omeaimt &kt§ cBIr
[ drulz®&wg &b | meemene Cel kov® prove@ens2 vhrao
i ndividu8ln2ch vlIastnostech oper 8tor a: j e

dovednost echagi nsddhvd pdrucgdtneachh typebhegiballisdh

(Prinz et pwldm2nRE82beaRi byV(@Dwo S§kuddte al .,
kt sl @®dovala mezi |l ety 2006 a 2017 n8kl ady
harvestorT, kter® byly vyPudlPmidoompj em kimeh
zpracovifaran@hdad7O®m bible z0 kHIr ymo| n21 & T79dN
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mbez RTTmMDrn® jneSckdvaydryo bnean ®ea #Gtystypdov al

6,6 do.Drwhd t(thar veeBlOAQMDr agpusv plr TRMeny ms
objememez kFiryrol n2261 8%dERAM&IRryPmMNDr n® n§Kk
nag edfwyroben®ra &«3Jrwy2 u tohoto Hhadvdet 6r A

Nur mian (20§ 6y dovali spotSebu | asu pro rTzn
a ukg8zali prTmDrnou dobu pracovn?p%i§zeemg ak
k§cen?2 Y%aynami pAdBwzcecel kov®ho | as wap H7 mit n:
vprob2 D8 gh. (Kttudite et uvadd2 Rpodgld?)pondi® Dby

mani pghMace odvRtvoven2z, pS2| n®hvol r SdSuy, 2 mn
zj edrnkontheon e u k men T JsanvrTkrue kz (t & @& 8 geghgokh @S ielcih v
202016 na sbhRr | asovich sn2mkT viroby dS
kat eguvoaTizh Tah virobn2ch podm2nk8&8ch po cel ®
oper 8§t or a di®d rcvee H6t208p emiartitvng m | asem (| i st
dS2vz2), kterT |inil 73,6 % d® ky smhdny.
Harvestory jsou vikonn® stroje s mul t |

(Miettinen. eHaradest ohig@s? sjlheydgneast iklyie SI§® u o

spr TmRrnTm dosahem 10 metrT @ob&r hgdiramuadv
poh&niBrezn® Wsha ogttr odjoet2s38 pobwmojes§ vEha

hl avi cel0j0d( k@O bl och et al ., 20Ty 4 ;0 Shd makvti jcc
zv| §dapracSeawdru? cah kd®prema@c?2 odv Nt vou S8 @I kD, Se
kr §men2pogadovanou d®kbuti mgetfem apagend:?
vyr oben®ho( Dsooorlteiymeentt val ., 2006; K2&rh2a et a

Odv Nt vowrsme8nmjknaozem ostrlTch hran odvDtyv
(Hatton et SaPhaplNDBEGF1 1) potenci ometry), ze kt
tloupSka, pSipoj prodS§kacamenV®l ce nebo k o
Stanoven2 tlougSky z8vis2 na tom, jak giroc
stromu se obvykl e kdIS&| kpaomolkernNSjie?2 p&i t
aposunovprmmbbWhWiogbey kmen stp®imul ajeevnn Dpr ot i
kol el ku. Ot8|len?2 kolelka jéKabhmanamer§v &ho
D2 ky®mRABY n®mu t var u ,k nketnelr ® eshe id ejalndgset Nj i
technologie mNSen&atlplduRetktyorn a®$klykagad @m7
PpS2| n®m Sezuz akzrmeasreemnssy sne®jme m vyrobenTch sor
cel ®ho kmene a ddDpo| pygr ameNsalob, cvhdadyat e | r
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stromu néK:l mbdSemSesh®&B2) mNDSen2 ovlivRuj?
napS. hroty mRSic2ho kolelka pronikaj?2 hl
(Karaszewski. eftytal .el eX01t®8ni ck® mnNSi c?2 S
mi moS8§dnnD pSesn® visledky, pokud jsou spr ¢
(pravidelnhR) prTbNpPphdhNt polt ECBOIN&mh &b a a
20QB8pl i brace harvestorova® zhnlaalvnilx eovjlei vvReuljn
mNSepark t!| ouwW@PPdkyg,s Iteadkn @ st anoven?2 objemu. I
mnoho odchylek v pSes¢Nosuwehhuves®BoDoo®ell

3.890rti mentn2z tRNgebn2 metoda

CelosvDtovhD se dvmd himlvygnegtIrny ®mOS® kul
(Lundback .etExisStujeDgdedDny metzod kter® pat
kmenov§8, strompK&beag.s oWl %ge ntenj2bNgnhNj g2 ch
jsou metoda sorti megntumidba& cketed @& il k nenR2OV2812
tNDgebn?2( aregloidiRtdbeBgE€Minet h odnIbkzdnyal ovan® | a
sever sk§8 nebo ssek aknneikny@usstkjiSe thifot | i v® vI Sezy
pS2mo na m2stN,(Tkade opr ch? Balr.d,MyDbREED)U t ak
odv Dt kemSyceamy (druhov8nyplonti merdtnyothavPedn
vz8visl osti na dpofaddbeniaolfy, pprmseti eah o
poug2vsg8 mechanitlk®u@iiKetnt2i nke@®l kKiyanamd D, j €0t &
metoda oznalovan§ jako ASezg§n2?2 (hand®Pkk 1
al ., . T2a@ 21 yedtvykd e vyu,g?2has.vievsa ost ras kvigyovr § § ekct 2
j sou spolelnhD oznal oviaeyt g va&iroy k aykvgensbti onroovv:
str(ohjaer war dery), kter®spmottneochopPgpupal mad
ng§slednowydopea®ho dSAa2dvegodr(TimufenstoT) 199 7
Harvesesre wrovsgd2 virobu dS2zv? Ssyst ®mem |
vzd8l enost zhruba 20 m, aby tmoahnls pdba g §1F n ohu
pracovn2ho pole svim 10 m(Kdhobhdaeah hgdr all
Vyvg8§gec?2 traktor nebo vyv8gec? souprava
zvivozn2ho m2stg SnaubevgavVetmmeup8§rR029D)j i r
mechani zovanTwlir ometj ctBgnerbent2osdoar t i médrtcm
povagovs8na za ekologiltnDjgz2, vgestrannniDj ¢
k ones onr@ ikmennztiyst ent nlDj g2 a vygg? sktvrad maw® n ¢
ak menpoVw®fts, 1997)
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Vyugit2z sortimentn2 tRDgebn2z metody rea
zemDmi | igéd2 Netj Dgljy 2t cswetvozr§nRa,dmBd edrgZ 2E\ reo
naomahe ngj2i gn2 a jEvhrovileccheordsni®i KaraszewsKki
Moskalik et Val skaB@ili@Bvsk®m med omiac tvw2u §j2 e ¢
t ®mNS vihradnt] Sed ew peem gt RY b garha mn 2 0j2el )t a k ®
napS2Estadnsku, kdeeltkvoovS® 80 n% =z NDgby, Lit:
(6%) nebo GpanhDl $¢kundbttBIl.Bto@apaj 2o0RD210 ) enc
sortimentn?2 metody na cel Pov®@BemberhekNDgbi
2018i)gg2 zastoupen?jismawliantemd m2 HEnert o@ly jve
na vysok® investiln2 ng&8klady ((@EioP%okSietov s
201Pal g2 m dPvodemzd¥lyngsttiz soretidmamobrv® mé &
dSeWwjimhl i | nat® dSeviny jsou pr o( proycdurga bxrejsi
vkapitolae pSev@aguj?2 zej m@nast\Besdp@rdre?r,s ki §p
Bembenek, et al ., 2016 ; Me d 8rog loiv,iPc kaursae s mé
syl vlesarsmmrRi ce a)jsmiuegvgak jehlilnany, kte
m®n N ovdzohllne®h®mM2 k2 m se klimatickIm podm2nk &
zast owepesnt2Sedoevropskli ghob&8gnaml chmRDeamehyv
(Bu&kadMenzelLes2n®19%9kosyst ®my GGPalsed S@fgj &al nge s

jsou vystaveny mhDn3xsedrnnw Neslk! i|lmrasttd,j gRt ar &
aobdob?2( Gruecghoaw et al . , 2017; -VHdo g &n oe-t& &Nlav a
Cerril lZd,my2Qils®)u ,stcdlje viye pvI18§Sj2g3 de§l n2 podm

patogeny, kter® tak mohou s(nlaidmddjdar netp aalla.l
Williams & Li &Kwhdlid,zvd@ug)2c2 se nestabil i/
porosty pSed( Pointoklud tleitrsaaniat, ® 2DPOVYi ny budo
podm2nky vhodnRj g2, a Quak chuuk e urwodposuk Ts ta§ |c
domi novat ve vel K@ulr@ast i& vtaSpa dorivzo zBEWG rid pkyo n t
vgak v2gter achmaflamEng8 vygg2 pol et sdrruhanedin T,
kmenT, a pr8vhn wvRgliKEtmmemh &r v &s tiVesbiedp £k ®r@3 0 2
mNS2tku je nej v2ecvee rznl eBynr tbapbao h(ysb4z abk €3 nhNno)
tak® nejvDtg? pod?2| jehlilnatlTch druhT st
nej vy§sg¢b umgtSSeevdao v 1 ¢ h ol dvhe2d eE\srka p .ae tV Ralg.2, pdA:
mechani zovan® tNDgby je ve Gvoe@dMaskal Fknekt
2017)Venst&Sediwcrhogim?2Be % rozl ohy( PHEEY. DOXO Yyt
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3.Bonce 81 vyugi LR harvestorT vV

V Lesku ¢ev2ypSobdPh@hdwS®story v posledn2m
avroce 2022 (dMZ§ hlRaD®EBmM&|l n2 ho vyugiotcze RyIl2d «
ve VI g(iMZBel, RtORRi)e provedef0RPBRther @ mzah km
34vropsklich zem2 v]ietnhD Lesk® republiky,
z8§sobuldSBttaadive kombinovala %daje o | esn?
pTdy) , tera®res nt skl are)st §8ch k identi fikaci
soul asni mi mechani zovanVmechnyje®es8 misvpdio
pokrylrwall ohu -1h88nindHg 74,9 % bylo oznal eno
for wood supplyéo, nebol i 0 | Leess kv@h ordertplar bpl ri oc €
dl e stludlet®dGT. D8l e byl o stanovleRnos,t 8ee m
relativnhD n2zk8. Kombinace harvestoru a vy
vhodnTch pro z@Bobbeggnét UIdlew epndORBMMnjSe sit ud
(DvoS8§k & Natov, 2016).

Pougit2 harvestoru z8vis2 tak® na sklo
pSek §¢Q&t8ampf .6t r ah&Y@GRIA.UMEdNj 2, Jjee shkllaown 2t e

faktorem ovlivRuj2c2m produkatipli 8o vp8ngc ej
nasazen?2 ve svaz?2ch je dTlegit® pro prThbhbh
maxi m8l n2 sklon po sp8dnici (pod®I nT sklo
50, zgvi sl osti na st a(vlit gnop feezrdoavd®hSo0 )p% vir zceh

p8sov®, kombinovan® aGaMarBgge] Na@®4kpudpaodyv
Z®l acdug§bkenl kodex pro bezpelnosud&v&ehrar
| esn?2 stroje na sva®%2¢cB2Ay memBPsgvpSeksol
ukol ovich stropTanpodnynijhigim&dcu @Migrei stry o
Business I nnovati oDl &ESRp h &p éie n b ¢ 2DPEBrIpA)

kol ov® harvestory omezeny na m®nnD strm®

mohou p8sov® harvestory se samonivelalnzr

6 %( 31A), zat 2mco special i 2@v®m& oh grevelkaom
9 11X 33M, nebo Wbpowtesn®r nwa 2walh®dnoauvi $§ B&hy
7 %( 35Mp)r.axi jsou vgak |l imity sklonu pro he

byla zajigtBDna bezpel nost a( Maicbiomall idz o vi1a9
Sutherl and, 2012)
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N a strmBDj g2 ch svaz?2ch |l ze stabilitu h
navij 8ku. Moder n?2 konsu rmkaealea haypEssor o) T
kabiny Sidile do vodorovn® polohy i na str
pSi zpTsobit sklonu ter®nu. BNgn® pSeks&§gky
prohlubnh, tak tyto s{(Devp&&§gSe¥bnfamplmhe:
techni ckT mi parametry, kter® charakterizuj
vigka podvozku harahedt ons§j esadusvilt | § vIgk
pohybuj ecoiddo c7oba N4O 2hel n8jezdu stroje m§ |
pSedn?2 | §sti r&8mu podstatni vlIiiv tak® typ
pod kabinou. PSek§8gky v ter®nu | ®pe pSeko
je YWhel n&j§m2dws wevaniioni n&pravamivNerygdigd u
et al .Qbe2On22)s e ztae rpRSeuk §pgckwa gwj 2 obj ekt y

svigkou nad 50 c¢m. Pokud jsou vgak od seb
ter®nn?2 (pSek8gkyg. et al ., 2020)
Dal g2 studie uvsg8dhDj2, ¢ge | imit sklonu t

“bnosnos(tHeipnTidhyamn mTg@0G)e pohybowat amegzise3
zabr&nilo nadmDr n(®mus seo g k8o zet@shnuppl Redry, § N2 0 1p5T)
apSem2sSovgn2 jsou viznamnl mi( W&rst malkly etr o
2014; Label.l eMeezti all.a,v n20 lpiogkmZzlemn2pdrecntzu pZ
tDgbou a soustSeNovg&§n2m dS2v2 patS$S2 narut
chemi ckT cbhi ol ogi ckT cht ak®Paspganpkdzarh? mSiro
azbyt kov®h(oNapgohrdas tautKealz.hut 22 @dh®2) pTdy doch§
zat2gen?2, vstbrroajkP e a@tj$2a kppSohgh2ivg b&® Fr oehl i ¢t
Zhut nDn? pTdy | ze <charakteri zovat j ako r
zvigen2 obj eanoowd®o Ihmmmd tnio sg(fTAgams | & Preaehlriac
Gomez et .Salz.g,en200ma)kroporozity pTdy mTge b
vody a vimhDnhQulegmel a&gi€witman, zn@@®) mohot
sn2genz2eaergeantecthcr emTal ., 2009) .

Viznamnim faktorem pro samotn® rozhot
technol ogie je %nosno2s0t? 6tse ra®@n u. k4 lassti u g kkaa c
parametrT jednotdiopraknskbpishnropPfebhkBDer §
stupni pozng8n? a vyug2vanim technologi?2nm

akceptovatel n® z hlediska ploggsad2acvtk Te kmi snyi sn
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Tato klasifikace doporuluje nasazen? harve
“unosnlch pTd&ch do 100 kPa. DBPnosn® podl og?
tlaku ve stophR 200 cknP g S( hljceumka §kolvedme pdg
zmNDn8ch vIihkosti pTdy. DBPnosnost podm2nhDn§
pTdy v rozmez2 50 ag 200 kPa v z8vislosti

tNDgebn2 | innosti a pSeochkyYy da hasazok§pdr
cel &kau rznalnhD zvIigily rozsah mognich neg
| innosti, pokud nen2? akceptovg&na u Sady t\

Na podm2nhRnhN “nosnlch pTd&8§ch je proto nas
za suchaz@dl aztaugnkra et al ., 2020) .

3.BSewihnoypm® robu suhav@estdByv?

VLesk® republice je aktugbhBb 88, 8 %ebhin
18 borovice, 3,9 % modS2nu, 1,3 % jedle
Zl i stnatlich dSevin zastoupenlch 29,5 % je
plocha jehlilnatlTch |l esT se nad§8le ZImenguj
pozvol na, zvyguje (v roce 2022 o 0,8 %).

iborovice, zat2mco podaMzZehuRWO283)dubu naopa

Harvestory jsou stroje konstruovan® proc
90.et bylo nhRkolik snah o (tBRigbat |& sCunah d tc,h
Vzhl edteamuk ge harvestorov® hl avi ce j soL
aoptimali zov8ny pro jehl i] nats@m2sge mos/h e ¢ e
kter® se |asto vyskytuj?2 ve pgt&SedRAgbEVIioph
dSevin cdhevhwodi® wel k®ho rozvhRDtvov§gn? k mene,
vRDt g2ch nepSesnost?2 pSiysmBEPe hucti®dd Dy 3iSskeivial
al .,. 2D2pPes toNtgad®bwker VrRarkevddlidi 1999 vel k®
ot Dgbu | istnatTch stromT hapvesu&tyyvibwl a
opravy( Bilgaoti c& CBthed ek 20813ys smaeo @&y v ml ad
porostech s btye nmothnmiy vbiittv eenfiekt i (Meldez skac @\
al ., .Pr0ol 9k 8§cen? listnatlch spromgedimtaqge ch
mognost2 manu§l n2 (tLRdpkd | rodey@athy dBiONBYy Vv
surov®ho dS2v?2 harvestorovou technol ogi 2

hledi ska nejsou pro harvestory vihodn® po
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ak Si vT ch( NsetrruodnaT eS @abkraROQpP2y2m vivojem tDn
dnes v praxi k dispozici harvestory se g@?2
vichovnich tRgb&8ch v mladich |l esn2ch poro
vysok8 produktivip§i heapetnBsprpgBokem®
gkody na ponedMNawB&hest dbmbeBBOmMAkeckl m zmr

a Ybytku pracovn2ch sil v |l es2ch se zd§g,
chybRDj2c2m ||l 8nkem mezi intenZSohhD¢e¢dém ma e
soustpakmhles magjuBd né pr8ci | ze ol ek8vat rost
k tNRgbN i u Brhsetm aptolscl he ddnSQecvhi n1.5 | et dogl o |
vedouc2m k n8vrhar aepaliavrolfiis tmlaaww cdr uhy, S
auni veRrzaetc Nlkree cPaVY skl edem k soul asn®mu tr e
tl aku na z2sk8vsgn? Seziva z l i stnatT ch (
agetrnim tpEsobemws8§vat, ¢ge vivoj (Wetdemtski s |
et al., 2022)

N8§sl eduj2c2 | §st pr&§ce zmi Ruje konkr ®t
ztepil T, borovici l esn2 a modS2n opadavl

harvestorovou technologi? a byla jim vDno
vi sl eldk&rhovzpubl i k@wmanl ¢®tw di sertaln2 pr §ce

3.6SmMrk ztepill

Smrk zPepea) appéeesednou z nejviznamnBj ¢
zekonomi ck®h o, t ak (ekddil pwglak ®het hhPSevied 1
smrku ztepil ®hho je vysoce cenbDno pro svou
vyznaluje pS2mim, %zce kudgelovitim kmenen
Dosahuje vigky ag 50 metrT a objem dSevn?
zpel T se do4920§PeBldn2838@. eTemtla , st2r0dm )| e
soul §st2 | esklcw VvVgedh keEehZeloSPORBBS BT

Smrk ztepill preferuje chladnhRjg2 a vlh
apodhorsk® obl asti. Jeho vysok® n8roky na
vedmn® zkk® odol nosti vTli extr®mn2m pS2rodn:*
mrazy, ngpor snDhu a | etn?2 sucho, cog st

(Bbradn?2]| ek evt Leels.k,® 2Z0Opluybl i ce je vgak | ast

cog vede k probl ®mTm s jeho zdravotn2m st
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| Tkogroutu Ispnsr kby @mgp &fplhaacsu  t Dgby dS2v?2

technologi?2 je povagovsgn za védlensikTwhodnresw
m2rnhD k|l es§ a do budoucna tento trend :
hospodg§Sskou dSevinou. HarveBtoyogdu itecéar
z8§saz2ch u mladlch smrkovich porostT. Mo
harvestorov® technologie jsou pro rTstov®
vcertifikovan® kmodt2ddi99ge Novs&§ka a

3. 6Bo2rovice | esn?z

Borovi ¢Pei nluessny ¢ vestnos z komer | nhD nejv
VEvr RBszyk eBormdvic0j2&d)druh peeh§yek¥%¢tuj
vl es@ddthzg§padn2 Evropy po vichodn2?2 Sibi$ a
Evropy. Lasto se vyskytuje na chudlich p2s]|
na YrodnDjjdbolykpEd&omkuruj?2 jin® druhy. T
vigkm 8% dobrTch pol oht§lchus® kya) mBHa cpsSi bl
2013; Mason & Al2a, 206@p XKeonakéeshkhet dwilhe
schophsatu na chuddijchaknysg&adoSont i er oz n? op
meladlor2 @&S¢wikma vhDtrolam. Vyug2vsg se tak® Kk
vgak | e, ge borovice |l esn2?2 s¢albB@gnRPRPeoou]?
snadno zpdSevgat éned@ZemnDj g2ch mezi mNKk kT m
poug2vsg8 v n8bytk8§&§Ssk@Mutay setavalbn2 m2®tadmy €
Gardner, 2013; Routa et al., 2011).

Borovice lesn2 je jedn2m z viznamnlch |
posl edn?2ch %daj T Ministerstva zemDdDI st v?
pSibl gaNcebkov® dSevi nn& sdkrluahd bny nleg szkalsctho
jehl il naneUn stoarsgdrckhu borovic jsou vgak v |
kprobl ®mTm pSi protahov§g8n? kmene odvDtvoyv

vhodn® harvestorov® hlavice se 4 protahov

pSizpTsob2(Nemuda kenHarlestt@@&RAPU 0ogi i |l ze
vyug2t i ve vimhadhdédkhbageswakébhporostT. Mo
porostT pro harvestorov® technologie jsou

napS2kénatdi vi kovan® mdt2ddi9gde Novsg§ka a kol
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3. 6Mo3d 9prmadavl

ModS2n (lpaardiaxviMeti dda | elkltiejrai@k d | ns2tcrho m
zem2rolz g2 Sen v jihovIichodnPkt Flriain,ci ji i, § nRvr c|
Rakousku, Lesk® republice, Sl ovenslu, Pol
vi TznTch nadmoSsklch vimk®©hrecniejie §&Mhoar
omezeno na mal ®\lopb§l ¢aksrt d 3 'H neetj vallt .g,2 201 3)

BT
Tt - el

@ Larix distribution © N/

N

Obr 8zeMapa rozg2Sen2Ewmods
zdroj: Euforgen, 20009

ModS2nwys@kdol ndk i chl adu, t ol elrraThscti vT
vml §MddS2n ptoakodlizeesnPDn2 pRNstovat ma&aolon®& v S
zakoSemadn2Zi nau opadS§p&jedat| pphl vgggmuodol n
vDtru a reorgvrnaetgu jsen Mho mu( Fuk rscnar Bk ue ta ablo.r,o va Oc

ModS2n paaf8avke dSevingmleskli ghh2zmegashc
vudaj T za MZoek, PR3 a9 upedSevi nn® skl adby |

t SeneéjmzastoupenhDjg2m jehlilnanem po smrku
jdgemgraficky pTvodn?2( RSlkorn miu evani dtln.é m320 2
vgak nebyl v | esklch I es2ch nikdy viraznhj
n8roky, kdy jej |l ze povaBovaer cxaegtstvd®dy pm
vhustTch listnatlch porostech konkurencesc
dSevinu v hospod§Ssklch I es2ch nevyug2vat.
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sm2genlch porostT ve formhR jednotlivIch
zvygovat druhovounocezmaRtpefj Mgsgjl v pSi
kTrow® kadamcéehRDkov® ploge t®mNS 2000 hekt
zcel kov® rol nz umiiMZ ez alzedRoB3)ne® @gpdpahyl en @
skl gdvZye , by0x3*) zastoupen2 modS2nu v | esklc
na 4MPd%2n je strom vhodnl pAoptBfgbgeamnd
Tch a borddS2iveéh p
s e bude pravdNDpodobnD vyskgdg owaete swier ob Vg

tvoS2 | asto pS2mRNs smrkov

harvestorovou technologi 2.

3.3tk D

VT vionf ormal n2ch tpercahkitod migli B @2 jePliicvhni |
dopravnBgreil ooy jzwvy a¢ mdes8§tT ch | etech, kdy
VyVvinul a szyasltddmySav 8dRt et Popdz o aemd iy kuy | i t
par ampetirypyrovsg§dhNn2 pr §cé¢ Pleéz op 82\a®p &l asit 2
osmdes8§tlch | et byl speci 8l nD prsda ahdand
AStandard for Forest Machi (®¢é anlfeotrdot earnid
shromagNpwiarlotyata tprogmniohzau dal g2 ch i nfor mac
analtiNxettrooj T a (IPiad ak@epr &de al ., 2013)

S postupem | asu se pTvodn2z verze stand
promRnnich ztratilo svTj viznam a vyvstal a
byl dokonl| en a zaveden navlp T swalrnzigal rad St
pSej menov§&nda&l ma A¥ttainmFgoerrD & M° Il er, Novb; S
standardofengen ®xMia rckhn®tviBen2 souboru nen?
specificKAigafrswadrrd2e6k® republ vcece N2 @2 4 a
st8le poug2v§ StanForD Classic, kterT un
26tandardn2ch. tyohkrnd SsotutbBKTR soubor pro k
dat a, * PRD soubor pro vpodobim#fh®dmaae . KT
* APBdubor pro zad§8vegn?2 afildob$tanFordD umal®
14 TznlycphT cen pdshtl eemja @ w8 Sk ogfor gk py2@enb)
specifikuj?2 al goritmus pro stanoven? obj e
ad ® e k) a tak® wurl|uj?, zda je pro zaSazen
st Sedov§ nebo( Naetpoovww 8 tDvoousjskk,a 201 8)
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Shrom§8§gdnNDng data skltaj2 velkIl potenci
adodavatel sk®ho SetNDzce dSeva zejm®na v d
rychl eKmbmeérer & .Salpeolsitapui@2Z2)n trendem |

smDremtlmati zaci stroj T a optimalizaci vir
pS2rhesm2ho(pudbst Sedt al ., 2007)

. ~

3.Bji gSovegn?2 opbrjveomun 2v Tervoibdye nzc e h

PSi virobn sefpv®bosdSém2ppkSoen pomoc?
Pot® je kmen prTbRgnhND odvhDtvov8&n a kr 8ce

zabudovsg8§no mhRSic2 zaS2zen2, kter® bhDhem k
kmene a optimalizuje t2m virobu viSezT. V
auk|l §d Py 2dt@r(ocjveo S§k et al ., 2012; Luk§gl,

Ulrich et hmdr. vech&6n) yud otgenm® s o upboosrkyy,t uk £ e
podrobn® infolrmgg8cahd®ldSeyvi ny Rassomt kime8
Mel kas, 2005:; S°f®elbenl wmtyaunidweSmA@D S h o u
d®l ku a. tObugdkse pol2t8§&8 pro kagdl jednc
akumul ovat a n8slednD zobrazit ©0$%9 cenr lperog
et al., 2021)

Cel kovg d®l ka viSezu, tedy nejkratg? vz
spSesnost?2 t®aNE wmSelmyjehli|lnat®ho i |ist
pS2davek k d®I| ce%j manmbi tewy)jdm®de k wa pgS k 2elr § k n
se vgak do jmenoviiiN®@®r d®h k g.tDi®déh &k aap oz|2?®t2 SAaw8e n

pol2tali stroje 42e cuw edeairsa ve | g keossrt o sSte?z a+c/?
| i Bdcm. fezac?2 okno | e d®I(kionwtRDe rorharl akntielre@n ¢
povoleno | ekhd zKmE&Ecensfoul|l tu |j merfdvigte® &®I

Provazn2k, 2012)

MRSen2 tlougthNk prob2KH&Luk@ll 0B BN2mNS
mNS2c2ho kol emlakdt 8mxch&meulRs T sou pSensgger
apSepol 2t §v8OdyvNitawod@kcRu noge, um2esstple @ athe n ¢
pagd?2, sn2maqgl?2 tnaalp NDg Se v &d 2¢ | dau j§r&aEdy|, n ®b rha ad wnjc
na obrBlzovig@ktedyauz§lenadhND rozevSehvo D8k Nt
et al NRDk2G®IT®) typy harvestorT maj? senzor
TlougSka kmenej g dceem$ened rkaq@dle vyhodnocuj
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10 cent(Arederexshon & Dyson,.S2®E2AN2Ma kikoangesrk,
vypol2t§8 jako prTmRr vgech namhRSenTch hodr
se poug2vsg§ k urlen2 tl,oukypSakkyl stleonul@?2 |k§ sttS2 d
do pogadovan(lhkSlort2mesy T

PSi virobhD nen2 mogn® prot&hnout cel Tl |
pol2tal vyug2vs§ predikci tzn. postupnl n§\
| §st kmene zmhRS2 a na z8kladh tRchto Y%d:
pravdDhpovdaorbwalf hne viroba po¢g&Wtdovahleh abrti

Cel kovl objem v Seewi detnd mév us oef t wiarr @b nh
zmNSen® d®l ky a tlougphwmocTemi goobij em, j &t
vybre§nvivieavb i@ n| n2gam réadear wamu e$t ahdar 03653 nF
nab2z2 rclenh®vtypyice categories)stakbee®?u
objemu viSezu, tak zpTsob druhovg&n2 vISezi
(Skogfor. DK, efy0rdan) parametrem pro stanoven
d®l ky (cel kov®, ] menOWoijt ®ar Ha@e® so)bojre ns t paonl
objem na z8kladhD pSedem nastaven®ho vipol
tabulceulvedédny smet ody stanoven2 (vIipoltu)

cen.

Tabull k@aypy pen(?2kgepSr@ad pebdbbriDamy ej i ch popi

Typ ce Poptiyspu ceny

M3t o Cera metr Q@bjyemldlvd .t 1 ougSky v
(lepu).
Cenra metr .kiCedhklowd¥lT objem po se

M3 s skutelnl objem viSezu (obvykl e
nejprve rozdPRDlen do sekc?, nap
tlougSka. Celkovli objem sé pak

Log Cenzaa V.1 S@lyj em se stanovuje |ja
registraci visledku viroby.
Cerma metr .k MNpuikog 8Obyj em se vyp
z8kl adnD v8lce s teoretickIim pr
cel kov8 skutel|l n§ -di®l k av vc e@rtcii me
na decimetry (spodn? t S2da). P
cm (msdzg8wia skutelnlch cen8ch v

M3 s NO tlougSka (T) se mnRS2 10 cm od
zaokrouhl ena na centimetry (spo¢
kmene (M) se pougije vzorec: M
Objem se n8sl edmdddIvey pwié1it e vV (
/14~
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Cera metr .krGyw®IskdT typ mhNDSen?
tlougSky viSezu s nebo bez kTr\y
vzd8l enosti 10 cm od |lela vl Se:z:
vzd§l enosti 50 c¢cm od |ela viSej:
prTmNrn® teldhyta p+t TmbroufgSkdyy

M3t obuzaznamen8na v mm nebo d®I| ka v (
zaokrouhlen8 hodnota tlougSky 1
objem vypol 2t8 podle n8sl eduj 2
V. = Pl /4*L/ 100* fagd*((Drt//110000M0)) 2]
v 3m L je d® ka vISezu v cm, Dr
tlougSka |lepu viSezu v mm.
Cerzaa metr MDmedhikdewiiyObjem je za

M3t oDEst Sedov® tlougSce a cenov§ mati
tlougSka je zaokrouhlena na nej
Cerraa metr .@bjyermljoarTzal ogen na 1

M3 mi DEcenov § kl asi fikace j e zal ogen
zaokrouhlena na nejbligg? cm dg
Cema metr Mryechétovbbj emu je za

M3 s mi nm( mm) , kterT je ve skuteln® (ce
je dle stSedov® tlougSky (mm).

Board |Cénzaboard feet.ceAmeNdm2k T ndrymat i
pougit esland® adlz&l ch metod vlipol

M3 Cenzaa metr .kWhyScelaovsit Sedovg tl o

s m : ) . .
objemu. Cenov8 matice je zal ogg¢g

L Cemaa kMenskp .Obpgm se mRS2 po

o0gNO . . = ~
registraci visledku viroby.

M3 s B Cema objem HWrvam&kdin]l objem vypol
pr TmDrem a d® kou svazku.
Estonsk8 funkce promoldeol. etV phoj
kutel n®ho objemu na z8kl adhD | ¢
8sl edovnhD: V=(D*D*L(al+a2*L) +34

bj em 3blekezkuTrny, D= | epov§ tI
dm s al espoR jedn2m2deas etBr
koeficienty z8visl® na druhu (g
proml161 t3 a proml61 t 4.

Cerma metr .krOpgreimowdll e t1l ougSkgn

[@ 7))

S
n
M3s ESTV
v

M3t os |* pSi registraci visledku virol
se mNDS2 | epovs8 tlougSka SED. Cg

jak je definobypgwmam@w soul adu s
Zdroj: SkagfM&tB®Dkw S8R122018

TSi z thNchto typT cen jsou -M8kevadBtoDEp
aM3 mi DE. Prvn?2, typ ceny M3 s, pSedstavuj e
skutel n®nwS kolgjfeomwsTlent 01 ¥d) ceny je zal ogen
objemT 10 c¢cm dlouhlTch %%sekT kmene, kter®
metody) . Cel kovl objem kmene je tedy vgdy
dva typy coMB8mi MEt oPFug2vaj2 algoritmus pr ¢
na Huber oBuwczhor @it aal met o020 3Handel skl as
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( HKtSS2dNn?2 obchodoBAMK 2, n &Ardi3nttt$apy ®dypg re2mu
podlyep TMXsna M3t oDE je grafi2ky zn8zornDn

M3s M3toDE
10¢ - .
x
\D :\P U
— A4

Obr 8z ePrstncrigpbpgemu dS2wveéM3pso dal eM3ttyopD[E. Ol
st an @wanplc 2c etMBpsu v y eshtS8azrrad¥zém2 ch objemT 10 c
YosekT (segmentT), kter ® s ea enVgBstloebdEalh osallj teo
objem na z8kladhD stSedov® tlpugéky ( MD) kI

centi metcemPpad$yjpy objem viSezu pomoc?2 | e
3.Rontroln2 mNRSen2 a kalibrace
Harvestory j sou vybaveny pol 2tal ovIl mi

odvhRDtvovEneNmOSwe kmeins . & Ragld®ho DdOKE) en ®
| ze te § @&k nonhi cwkmat u, pokud pjrooehdaM$ent?o rkenms
pSeshrs&ky pSesnim mhNSen2m kmene nmplogneocpal u
oper §toern o \mia k ir 8 cteanle, aby z kagd®ho str omu
ekonomi ckddrdtekt® ztr 8§ty zpTsoben® nepSes:
mohou pohybozmez2 MNejdRrs2Bj §2 m rpe pdDd sRmoestt
vmNSdd2oug SdwITkSyd Mar shal l, MurphyEfe&t Bosi o
fungovgn? mNSic2ch syst®mT z§va s#am@bpr a
mNS2c2cliNte8werehui s .QpPo6tey, haooestoru by
ovhSovat pSesnost mNSi c2ch syst®mT pr
(SchlaghameKekfrol2200mpPSen? d®l ky a pr TmDr
provg§dnNt al e s(phNoeR ujdead netta ladl @ m mI®@i0 2k n2 t Seba
visledky kontroln2ho mhRSen?2 £ Natt Hwa j&2 Dw orBd
2018pl erance visledku kontVIoR nMm@jopnIniisSnemj2g
pravidla st&8tn2 podnik Lesy LR Gaktmaml, oS
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Natov a DvoS&§k (2018) wuvsg§dnjz2, ¢ge visledi
mNSen2 by nemMNejdReskrNglgizt j& %.gpal hpik Rov a
virobchPwstodjKHter® je nuUNin®UwWemnivEidNt.& kRd o Ib

Pokudgalk pSi komkB8dgknz2 gemmBSnt2 syst ®my
je nutn® (®clkladgamead k Th,razrt®OvinDg nezbytns§
tDgebn2ch podm2nek, jako je napS$2klad roz
soul §8st2 hlavice€ NeirumBSieKzatho bs pi0@Bge pro
manu8danNDz8kl adN hodnot rozmBrepoviedekxT r b
(Wojnar.El 0t007onickg8 kalibrace se uplatRuj
kter® jsou vybaveny soft wavidemlrm? mk osnoufnti
harvestoru podl e Psbamdbrecht StRHiredkiotr & nd o G
anal opgS8osvn@ o cedPse k't rkanii k@ ce je | 8stelnlD aut
pSednastaven® algoritmy j aekvi denprnPmmdr sef t
harvestoru. Tento pS2stup znalnhN redukuj e
fakt,orpmot o je tak®debektultropBom8jf h&abimet ad:e
spr§vn® nastaven?2 mhNfNdebvn& PDao@GB&tpRDILAD
kal i brace | sou Dpoopdorroublneth Tpcchp spSrnayv il ech pr
dS2v2 hdrRv@dtldr wydv Nat ova a Dbwbwa3&la ®&hloe tnr§ly

3. KPra stromT

KTr(dojlka)nhDj g2 org8n stromu a jej?2 hla
pSed fyzickil(nfrepaoeldbrem?2 & KTtaoohr 802 4p| et
stromu pSed vnDhj graynzi eznb, 8ok uj beakniini  a( naabpiSo.t i ¢ k

(namprSsszn bhp(Rankovskl et al., 2019; P8§sztor
Zei-Ki ghas et KITr,a 3QXY®MmMT poskytuje ¥tol i
stanovigth rTznlTch | lenovcT, obratl oveT,

VNt gina tNRchto tvorT nepogkozuje prost Sed
stromy poglaz diSeyvomop EtaPmemoetk Taloveci1991)

KTr avdjne gn2c2d ek proT cel ®bh s v NDioddImaz 2
odbojakct | ougjSdcje?l kDrvy(,Bothhgylamh et Jaalk.o, p2S®1k2A)a
uv®st nhNkolik podst &t nimakz( 20 Xbi mfial NapiSe ki
KTry duboviskeveronoaonsSgddnegm Tul(@OKWWR2)y e, B
Janalgo( 205@) soustkJedi ldoumd agBpadinsoMost @nt
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SkalistlchPThod8&mh prol se mnoho odborn2kT
objemu zablTv§g, dJlee ¢viytuajsitt ez malsdrs8anc it Darhd lpa
pr Tmysl| T, kter®ppgac®j 3t aeod&re¥ eml o 53gSky
tak® dTlegitl zI|leRlsa@®tsdm@g led& oMepradksyn Q04 163

tlougSky kTry mohou sn2git hMwdsioit uetpral v
ObecnhD se preferuj? modely wurl uj2c? tl ou
mNSitelnlilch parametrech AGACekdiestrdM&n®¥ n2m
chybovost pS$Si polh?lta8ng?2 KkkTTrryoli § 2aukucs tbruokmTa, s k
drsnou kTru jako |jmeodddm,hat cep.ola,l .b o r200Wi5c)e

TlougSka, textura a objem kdp$2 ki§ad sdr

dSeviny, genetice, vigce, viDku, tvar u, r
aekol ogi ck® r epi(oRleurkrlinl?2l secthogln.o,st2020; Boi
200KTra se tak viraznD |ig2 od (aMetst ®mRI0 0di

a pr o(sZ2eSikhdiedias etTlalu.g,Sk2a0 ké)r ystmas@dv dbdbg p S
byl o mogn® ur| diS{EChjsdmo \e® G awbjy@0mi0o )k Try |j
pro lesn2ky velmi dTJlegit®, protoge pots$S
aodel| 2t 8§n? objemu kTry od cel kov®ho obj el
met ddang etPXil .pl 2r0dvwdn2 proSez8&§vek pot Seb
kvTli odhtaldaud@&w2Snt | oug STkkym bseez zkaTjriys)t 2 ,
stromy budou spl Rovattl opubggSakdua v iap gmd iy mit m§ I
jako konkr ®&tMms?h tsocor t& mkeenlttyy, 2018)

BNDhem posledn2ch desetilet?2 bylo vyvin
zohledRuj2 tlougSku(BTrgkeilnlohal@d7@hTCsc¢hioa
& Hann, 10PexNN pSedpov2daj?2 tlougSku KkTr
zt l ougSky kTry v ur]| itl®o uveS$peasennf|In#h gvclegic ea |
2019)voj model T pro urlen2?2 tlougSky kTry
hospod§Sstv?2 a vdXednltdr o¥hekomhdgii vpoug?2v.
vmodel ech | etokruhT. VDdci v | esnictv?z moh
odhadu objemu kmene bez destr ukt(iGons?thao eotd
al ., 2021; Li & Weiskittel, 2011, Mar shal l
Jahani, 2021; Sonmez et aStan@0O®72 Thowm@Sk
tak® z8sadn? pSi posuzovs§n?2 kvality dSeva,

kvality a mnogstv2 mnoha dSevPDnich produkt
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s dSevem odel|(?Mds aflfoausjyiSk& Xkalrayni , 2021; So
& BennetiZ, tDObhdd dTvodT je stéd&iwovenaz €ftowa
2021)

KTra stromu m§ viznamn® m2sto mezi zby
mTge t2®DSi% cled kov®hd¢ Pabj €kha ,Ddk@eéOWah &nkel a
(20@aB)em kTry tvoS2 odhadem 10 % cel kov®h
proveden®ho ve Spojenlch st8&8tech americklc
zcel kov®ho objemu s Miolmus o8 38t &dhoo v1i250 0% e
mnogst v? rolnhD vyprodukovan® kTry e komg
spojena se znalnou nejistotou, protoge s
(P8sztory .KETral vyprrddaslRiofvammis kvi ch pil §ch
celkem 2,2 agr @l ®Yamigl i@ nJ[entkuinhan ad2lD0L8g r o
vyprodukuje ionfcdeTOHEGgNd7emMbdbgst 2D1BTry ods
z vyt ND@enr®MaNarSsku dosahuj(eMod M@ r a ¢v 2 RIG Ktui
pSibli gamMm*r3d®| (el ehov et al.,.2015; Ushano

KTra nal8emeclia svt al et 2 isdy®v Ru pll @lt intNDenl2st v3
pS2prlaVky ak8tu, vrby, jilm@EgR8§pubu & jRasmal
199Vned8&vnich vizkumech se kTra st8§le v2ce
vzduchu. Pougit?2 kTry jako Dbioindi k8toru
vystavena zneligthRDn?2 ovzdug?2. M8 vel kou p
ajej?2 struktura a por®znost pom8hg8 wudr get
mTge d®JS (sBaldmoetsnmdlIt. , 1998poRi emdmAdcheket
kTra stromT stala dTlegitim nedSevn2zm | e
odvhRDtv2ch(Buvkuoé8ck &lompearijain,v200026t) jako v
bi omatRPoi §$ka &tbhyalky,dBFYH®RSB)gk®ho a celul -z
jsou cenn@djrako tBdls]l ovin YPkopgedhRDRO®G: p ST
Dor mann, 2drldj) bi omasy Ce$il inir,ehNiakiokr Ridel
apal i vo @@Gosktoa | et al ., 2020;. DThgmacse n & ®Be

chemi ck®mu sl ogen? se stromov§ KTr a st 8§

vkosmetick®m pr Tmysl u, potraving§Ssk®m pr Tn
pl odi ny, kteo®t sadislkn®oz eugbékii gn?an ue t al ., 20
2019; Williams et al ., 2007)
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Vneposledn2 SadhD jeznwhttlm®nzmhnistmNt 3k ®
stromT2mg jejhydlepriem® rigaBirvaaydzier vl i & Pass
Wenig et.Vahl gd2m@M2%k) nedostatku surovin je z
v2ce ne¥drykea®k .ol hSlewv,no2®1b)i omasy dSevn?
190 23 MIJLkgil v z8vis(bstevesa dtodalocen®@
Ger d, 198P®r dMar et.Mabhp 202Eumn2kT prok§za

vygg2 vihSeyhHostuboelg eéSewdb., 2017; Kamper.
2001; Lykidis et al ..JeRR®28neSgdtoil c kk® vayl u.
ovlivnRDno skutelnost2, ge obsah(pPeplé¢akve tk
al . ,. 2011)

Virobny energie zalogen® na biopalivec
DSevaSsk® podniky, kter® se specializuj?

pravdRDpodobnhD vygadovat oddQQlJeamn?g oebtj eaT. ,k
KTr a stedm$Pedst avuj e nejrozg2Senhj g2 pe
adSevozpracuj,2ckRther TpriTang sVvyghtaomredehaal zpT
Vr 8§mci | ed®eéevwckB®Pmoa@auj 2c2ho prImyslu je nut
byly vyugity vhodn® metody pro z2sk8&n2 <co
dS2v2 bez kTry a objem samotn® kTry pro | e

3.Ptodej dS2v2 bez kTry

Met ody odhadu dvojit® tlougSky kTry (an
poug2vaj2 v praxi, bTvaj2 | asto specifick
zhi storick®ho vIivoje v danlch r eg(iZanceccoh, a
19748 st Sedn? EvrophD se surov® dS2v2 obvyk
objem obchodovatel n®h(@Did&g we z sAraann&e weét beel.
se mDBRows a n§sliref&zml cshe npeamodc 20de| 22n&n2 t |
hodnwelyTr(yYAvery & Bu.rtkohdanrott,y 200bGg 2e)mu d S2 v ?2
metrech bez kTry se n8slednhD zaf{ma®gnu®wa,j
Aranda etObalh.o,dox0at3) n® objemy dS2v2 nejsol
dS2v2,., Existuj?2 zde ztr8ty fiktivn2 a fa
zpTsoben® vyugit2m rTznlch typT cen pro s
kTry.akKichéd méeSrmedi st pGvdald®d cjeein wi SezT (1
a Sezac? okno) | i netBgebhtohacbybb?em hfr
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stromT, siln® vRtve, paSezy)pS?2Adnaawicirlzoghen kn e
i sme se wdniovh(DvwdiSkckrt al ., 2020; L°we e

Standardn2 metodou zjigfaun®mégrermbj dmend
pomoc2 Hubemavas§dddadyt ek me ntel caumSRFadnay kTS
spougit2zm model ov® dedukce( Wajon ar,0$n@EeGddmad
StanForD umogRuje evidowatr owyr dfd\alb exb j€m
DvoSg§k,Na2ovllBt)gi nD vIistupT z harvestoru je
(WojnarPoRWdD7)e pogadov8&§na evidence vyrob
nutn® zadat hodnoty tlougSky kTry, kter® b
vi SemDSe kiTofoNiat ov & DvoS§k, 2018)

TlougSku vieTrwi-elobaidadbhe mar u zhaadatest e mi
zpTsoby:

T P§smovl odpol et

T Parametrickl (line8rn2) odpolet dle SKC
T Parametrickl (line&8rn2) odpol et

Drulzhi ch, parametrickl (line8rn2) odpoc

vpodm2nk8ch LR nevyug2vsg, protoge pyb vyvi
gv®dsk® | esn2Nahosp o&d §CBvsat SAK Y § 22081 8) i ne §r n 2

jednotliv® dSeviny sestaven® pro rTzn® r ec

P§smovli odpolet umogRuje zadat hodnoty,
sr8§gka okl kdem msa tlougSkovsg p8&sma (resp.
Doporulenlch pravidel LRr 20 &®Se nj2d /o A BA BN °
200s79 poduegstehtugSkovich p&sem. Pro kagd® z
prTmRrng8 hodnota tlougSky DoPproy.ul Bytl cc hh qpd rao
pro elektronickl pB2dé&lme dS€ivaeA hmE &)eBv 03 §k ,\v
vl §st i PS2] ohy. P8smov® odpolty, kter® | z
jednotliv® skupiny dSevin sestaveny na z§|
byly hodnoty odwe®AdAé&ny od Val enty
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Objem viSezu pSed odkornhDn2m se stanov?

) ;Z Q ¢Q zazpm
kieVbiobjem bez kTry v dniestt Sed vigr yt ¢ lolugsikec
v kTSe v &etnltdunpSke ok Jrme dw®ekh: me$Se re hv
Hodnota dvojn8§sobku tlougSky kTry je d&na
¢cQ fn+ Q

kdekitl ougSkae rktTirmestvtd cohu;g Ska vIiSezu mnDS
vcent i meagepgahrametry funkce z8vislosti tlo

stanoven® pro jednotliv® dSeviny (Tabul ka

Tabu2t k®arametry funkce pSi odpol tu na Kk

DSevina po pl p2

smrk 0,57723 0,006897 1,3123

borovicek Tr a 0,24017 0,001915 1,7866

boroviceborka, 1,7015 0,008762 1,4568

modS2n

buk 0,04088 0,16634 0,56076

dub 1,2474 0,042323 1,0623

ZdrWgj:nar, 2007

ParametricklI mwosdoeu | apo®;2 viaensin2 m hospor
pol ynomneht atandardem StanFor D podporo
parametrickl odpol(dNtatloPr 8 PpPovwNSRlpoE&EBH N
(20pBWwtyat voSi |l i vhodnlT |l ine&8rn2 model, kte

je poumédmnnk§ch | esn2ho hospod§Sstv? LR.
kter @viswmyp UBTepar ametry byly navrgeny sp
| esk®ho | esn2ho hopmwpmldigkasdes 2T aab uvl ykcyh 8az ep &1y
objemu kulatiny bez kTrykgédEéesi@BloaddiWi@P fi)
& PaSezPr@O0D0Pyd®edbohystrafzne®d njpednot | i vIic
par alme Kr o mbDh d dorpast ryaBpator bdreswnitcil i g2 v z8vVvi s
zda viSezy obsahuj?2 hrubou (oddegnmMkaawou)& k:
DvoS8§k,Knait&)ven2 odpoltu tlougSky kTry, r
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pSistupovat velmi zptacoW§na somrhphSedapagdenr
smrkovim, kdy je | §st knlerdy§ doopuacd?anmu§ oad emothul ¢

Tabudl kRarametry |line8l n&DVoBBkemsegDagsp
sr8gku kTry dle standardu StanForD

y =a + b*d A B

SM, JD (mm) 4,23 0,0269

BO kKTr a, V], D 0,00 0,0482

BO borka (mm) 12,24 0,0633

MD (mm) 2,02 0,0637

B K, JV, HB, JT 3,52 0,0217

DB, J L, J S(mmBF 11,65 0,05@

V Rse obfewm?2 bbyxysktleenymaujze8 kinB8&®mnBedn?
tl ougSky mSen®v ovu kKSlemT ch mnNRSen2ch), zaok
cent i MmeatmMSan® | mevnioSveietb® dk@hekmye & Ak-CGd, 20
roku 2002 se pSi virobn a 2oy hapPlup cr §yleamd t
pravi dhaSemrsé dald n(2l ndl $ %y 2 k2t0eOr28)o de/ | 20 7 Wo | n ¢
aktual iSzZ@awn8ma.dnzj ineS covdSru? objemu dfev? p C
stanobegermu kmenT pomoc2? HuberovatVopagS8k&ypc
mNSen® v kTSe s pougit2m model ov(@ udsecdhu kecte
al ., . 200@Bdaabnkr ky poutgd vaberezpu o k 8 D&@tDi ny
(Woj,h@a0 ThPhernl & PaSBSelken®@lod2j8eerB)YVaALI | r ov
pro stanoven?2 dvojit® tlelighky KiITgeg prB2mbd
neuvaguj?2 elektroni dNla® omn (e DFdodH)Sckdviz| ih ahr ovdere
prpo§smovIi odparamekTi gkl Kltiem ®EwDWPERMH dpo| e
sloug?2 jako mvanruoghbnPmnov pcBreivda shelnd aBmD sy st
harvestorT. Popisuje doporulen8 nastaven?
standar du St(aSnkFoogrfb rQlkazsaspiDelj 3a) 2 dodr gov &n?2
pSedpisT | esn2hRD h(Wmjordar5,et 26n0 7a)Pcht o t ab
identi fikovat kl 2] ov® rozd?2ly me z i met od
harvestorT a harmoni zovat postupy stanoven
Tabul ky d&8bétwapbsfjhastaven2, kuyer@&baeml 2
obj e?ny2djSak o | ed SelybiNmg tdordushtuy pk @emlynp e al gor i
prsot anobgeMmydp®ypko uUBpirsot anobpgMNMat ov & DvoS§k,
Prot anobé mAlBdj w2 nut n® nteyjproeStyamdFmany pT4
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cen kter® poug2vaj?2 sedm rTznlch algoritmT.
typTiM3sn M3t oDEPmvtMBpmiMBEEn $edsstaam e e u

nej bl 2ge skuttedkno®nmu, okbtjeermiu laz eTyppceuMyB s | a k ¢
vychégramadvteén2ch objemTsek® kamr ® owehincghs | e c
Cel kovli objem tak vgdy yedado$iluj.eidsvalekc¥
typy, cM3nt oDE a M3 mi DE, poug2vaj?2 stejnl al
a emt odN( HKSch et al ., 2.00Bi;s SdBgdmnosken? o h
podle typAleredetail BD UVE8d&nm ve®to disert
aDvoS8k (20h8Phpeidptypy MBeaDE nebo M3miDE,
vyug2vaj? sttenjodeemu,ncijiplPid Wog qaduj 2007)
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4 Met odi k a

4 . 3b0Dr dat

Data pro |1 8&8nky byla z2sk8na z harves
harvestorovou hlavic?2 Waratah 480C. Tento
nej bRgnNj g2 tS2da h@aMZes t\BIOrZo3byn I essyks@l @ mel pnu?
Ti mber Mati c (verze 1.19, Deere & Company
sjednocen®m standardu StanForD Classic (S
bSeznem 2017 a |lervnem 2018. S t2mto stroj
pSevimgnnN2z Yimymehg® a2 SeDqmyh.odHaA®vestor t ®i
zpracovsgval jehlilnat® stromy. PrPvnaés | | 8§

syl vlestktser§8 pSedstavovala 10 % vgech str ¢
| | §sek zamhNSi |l na datlar mad 3l2ercki tdenrpladav ®B D |
zpracovani cte sttSreda@T studii |j sme Paonaayabivas
spod2lem 87,8 % z@ehkemahbhVytb gspramd®8no h:
stromT, ze kter 19c4h7 bvyllSoe zvly.r obeno 267

VirobwnwiNdesrylsn2®m harvestorT byl nakonfi g
ukl §dalsvd y@lze),;m kt er ® obsahovalytdPpag®kme't
pro kaXgslht om. Kagdl kmen pyltzautpmamdalhedvBn
nastaven? kategorizace sortimentlTo.ugS&kwyb opro
kagddeseti cd®t kmetvid Selzsut,a nsotvegjmiide Bk pu cer
AM3k agd®ho vIiSezu. Skodfamrodle pEL0 pDdDhmo c?v &d X
typuAd3Bhygy nejbl2ge res§l s®@mmodlpjednmu pwid$ez u .
al gor ittl mwsysSkTar o uk aryldS®m nkao n ¢ i sledg nem tdd owThSReh
TatnoDSen2 jsou pakl 2znpgr TsneNrsoevgGme nt p Bt ht bguj
dvou mhNSen2? se pak poug2vs§ jako vstupn?z t
Huberovdg Husehc @ tObgle.m k2a090d3®ho vi Sezu | e na
soul et vgkf badreseehtoi cengs é gnme mto Tl c h

Pro zajigtnDn2 p$ésonmydkay mSEtnkku dk®d kd/® hmo
dne prokwendem!| n2 n@Bghd, ppHio Ek tTehiHpigy P1fn 2
Digitech Prof essdioqiatl 8 lInl2Dm g/pygbsamvéean ®Ewa r eam
Skal mahH&g I1°2f Sweden AB: L - rigssterl oem T . G vM® dpsSk2 o
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pot Seby byl at Imdusg Ml ya vda@lit loyntkaad oy ovE&na. Ka
syst®mu spl Rovala pogadavky standardu St ar

4. 2pracovs8§n? a kategorizace dat

Data v souborechvi*resbwiidienl a2sthageha war -
ulogena a n8slednhD pSevedendao dfoorpr§a aio vsna? ur
MSExcgelpomoc? aplikace STeMa, verze 1.0 (au
STeMa byla speci 8l nD navrgena pro analTlz

aspl Ruje pogadavky standardu StanForD CI a

skriptovac?2m jazyce PHP jako webovg8 aplik
nem§8§ grafick® ufumguekeshp®osoSkedantta2m p$S
k- du. Data bylaodsztkroantlXnoyl odviBmlai cai t n 2 soubo
hodnoty.

Kmen pok8cen®ho stromu byl harvestorem
vi Sez pSedstavoval sortiment, Ktgr.T dsSplvRm

| epovg tlougSka, pogadOpan§tpmehavive§t d®Lk
a kvalypouts®fS ware stroje na z8kladhRD pSede
parametr T navr hl konkSo®tl redd e ;mo mtai npeonttSelo u v
porovngn2 vikgumghivamsi | 2 Dbyly rozligovsgny
(iTNgebn2 zbytky/ Palivov® dS$2v2 (firewood)
url en§ pro eneryYefkok®a vgpgi pwvood)i,i )dS2v
bunilinovich produktT; a (iii) Kulatina (r

z

pro prTmyslov® zpracovs8§n2, Sezivo, sloupy

4. 20blj ekm[rsou a bez kTry u borovice a

Objem kagd®hst avrl gseemmuc 2byd | go e iMBmuw DEyY p u
(VM3t oDE) . T esntt aon ooabej peS8nk | baydlN ) menovi t ® d®I k
vi SeDSem®l vmetrech a zaokrouhlen® dol T na
met ody( BAKISS, 198B)em si Sepuehbglrovnice (1)
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00 o
— YD
PTMTTTP T

kde Vmawpei 0bj em v T Se zoenyM3oDHEvenett y e h krychl c
sk Tr,ow 314, MDi st Sedn?2 v tehtimetrgcBRLai | menovi t § d®l

v centimetrech

V. Lesku byla sestavena DopprSeljemg dpria
harvedtRor2yp 8t ov & DvoBEkto2B¢BY pro stano
bez kTry na z8kladhD typu ceny M3toDE poug
vt ®t o publi kpebu upedpnoyova8ny softwarem h
op§smovli a |line8rn2 (pachonettiNckip oSpola
nastaveny samostatn® hodnoty pro borovici
(LernlT & mMmaeSez, ixuge®) dvojitl odpolet tl ou
ale poug2vaj?2 pro nhRj BPBj f®o jhmopadni,o t3rog gackeo
kTru u modS2nu poug?2vajPoddghkBl.eval KaPade
200mM0dS2n pSi odpoltu i%kald2a.do kategorie bo

N2 ge jsou uvedenpojkeTdinyod rl ® pvbRy hrgerh oad yd roudh
| 1 8nku t®to pr8§ce vyugity.

A p&8smovi odpolet kTry (metoda pougite

A parametrickl (l'itne8rn?z) odpol et KTr
harvestorT)

A metoda odpoltu kTry dle Valenty 201
nel ze i tedy pougdgP?po wgistoof pt prap aue Nha |
| | §nkmodSanov® dS2v?

A metoda odelten2 kTry dle DPD (Wojna

funkce, nel ze i tedy poug2t v softy
A metoda odpolt¢glL&mmly &I @aFaPametor0idok
neline8rn2 funkce, nel ze j-pougdtyopo
pouzeS2wadhN |1 8§nku na modS2nov® dS2v
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4. 2T.y2py cen a jejich algoritmy pro s

Software TumbgRMpeiecdpwd2tu lbjemu 14
vipoltoviicthywlzoced (viz kap. 3. 8). Ve t
7zt Dchto typT cen.analylz§ wzdroud elmyl y pzot o
objemu nebyl S§dnhn pops§n, nebo sl oul eny,
stanoven2? objemu dS2v2. Vgechny tlougSky
byl enarovech kwlyethd @pwkl@riy§m z j menovit® d

4.8t atisticks8 anallza

Statistick® anallzyibhofyephaStadeésy ica
Pro vgechny statistick® t dJstWyP dyil an & votl ®tnia
byla pougita k z2sk&n2 prTmRrnich a souh
Normalita dat byla vgdy-Smeshov8mwa pemba? i
Uprvn2ho a dyulg®pouldi Exgk®8bov® Wil coxonov
mezi oRjvmlk Bri@uw o vpeordilgep TMZena M3t oDE. Frie
ANOVA byla pougita kthesvem&@mg vVRIpedl B me :
M3t oDEH znT mi pSedenmtambapgnodkt®up mivn2 a druhl
ANOVA byla tak® vyugi s5aapo weriéstiSPwsniz r oz
algoritmy, a to jak pro vegker® dG&egetdoh
| 1 8§nRk9 et2r&®| srovngn? byl -hpoocu gti éd stNe mdHigli d
Bonferroni ho mehodn(alt.prao 2dotr|8éSofiehkp) .|-1 §nku
hoc testy (Tukey HSD) psauwdiotoye ple mIj idr 2 p
pS2slugnich algoritmT.
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5PSehled publikovanlch pr

Souhrn publikovanich prac2 je rozdBRl en
rovnhRNg podrobnhN pops8ny v metodick® | §sti
mezi objemy dSkTrio s ta noevzenkd Triy su borovi ce
| 1 8nkTdizertant prvn2?2m aetodopemc? Tpubl sBké&ve.
vl as acpsi siempakt faktorem. Druhl okruh se zal
viSezT podle standardu StanForD a zjigSuj
jednotlivimi al goi mpmkt tdylpSé&iue nj.e Ud itzoehrott aon
m2sthD autor sU®PhohnBodseeEhove@I®sertpl 8ci byl
spl nZ8wyhDrem jsou jegthND zm2nhDny dvaitlylt®nky,
| 1 §nky se tak® vdakkeindaj22m wlorfdbwa® em har ves:
propo¢ehzmdgn2 disertaln?2 pr8ce.

5.42]ji gSovsg§n2 objemuyrddBer®boroari
sk Trou a bez kTry

Origi n8IEBst imBaztd voan do f UBh@vekrr Vol ume of Sc
Ti mber Produced by Harvesters

Sedm2 kow®,weM R. : JankovskTl, M. : Nat ov,
Esti mat i-oam do feBhddneler Vol ume of Scots Pine
HarveBare®dft2K]l, o6h2t6t.ps: / / doi . org/ 10. 3390/ f

C2lem t®t o studie bylo analyzoRiahustan
sylvessrkfrou a bez kTry vyroben® stSednh
objemu nab2z2 standard StanForD nBRDkolik t
zt Dchto typT cen | sou iph3usg,i tM3Itnac®D B ra NM3EmBIkE
ceny M3s je zalogen nadaes¢ninoernimaed dvichh
j sou sel|lteny. Tento typ ceny tedy pSedst a
objemNaopak typM3meBPEMBoo®Evaj 2 stejnl alg
obj emu, kterlT je zalogen na principu Hube
zaokrouhlenou dol T na nejbligg2 cell cent
sk Trou o 6,48 refweeestoym8nyypem ceny M3s.
stanovenl pomoc?2 typu ceny M3 s byl vizn

viednotlivich tS$2d&8ch vyr&bnRnich sortiment
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Zjistildi j sme viznamn® rozd?ly mezi S
odpol tu kTry podl e p8smovlich odpol tT a
poug2vamhimwarech h@®opésndpoTavp deklektroni cklI
pS2jemrdSesvi2B2yl(Mat ov a kol ., 20k&8)eg&Krai k1
snorm8ln2 tlok@S$lkeagwrk Fr y,dhdairmdgdiv®& Tk wuy <Lr o
objemu dS2v2 bor olvjéescreo v esfimeld tnie @ Zp mkaTvp ydd yk t e
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Abstract: ITarvesters produce one third of timber in Czechia. The aim of this study was to analyze
the over- and under-bark volume estimates of Scots pine (Pinus sylvestris L.) timber produced by a
mid-performance harvester. The data were collected between March 2017 and June 2018. In total,
4661 stems cut into 29,834 logs were analyzed. For volume estimation, StanForD) offers several
price categories using various algorithms. Three of these price categories are relevant for Czech
forestry—M3s, M3toDE, and M3miDE. The M3s price category is based on the estimation of partial
volumes of 10 cm long sections, which are summed. Therefore, this price category represents the
volume estimation closest to the true volume. By comparison, the M3toDE and M3miDE price
categories use the same algorithm for volume estimation, which is based on the Huber formula
using a midspan diameter rounded down to the nearest whole centimeter. The M3toDE price
category underestimated the over-bark volume by 6.48% compared to the reference price category
M3s. The mean log volume estimated through the M3s price category was significantly higher than
the M3toDE volume both in individual grades and without grading. We found significant differences
between under-bark volume estimates by the diameter band bark deduction method (DBM) and
the parametric linear bark deduction method (PLM) used in harvester’s systems according to the
Guidelines for Electronic Scaling of Timber for Harvesters in Czechia (GEH) for Scots pine butt logs
with rough bark, and also for other logs with normal bark thickness. To obtain under-bark volume
estimates of Scots pine timber that are comparable with the Guidelines for Timber Scaling in Czechia
(GTS) using the parametric nonlinear bark deduction method (PNM), we recommend using the
algorithm of the M3toDIi price category, with double bark thickness determined by the diameter
band bark deduction method.

Keywords: Pinus sylvestris; StanForD); stem file; log; double bark thickness

1. Introduction

The use of harvester technology is closely linked to the cut-to-length (CTL) logging method [1].
This method represents a series of operations, during which standing trees are converted into timber
assortments directly at the stump location [2]. Mechanized harvesting increases productivity and
reduces production costs compared to motor-manual logging [3-6]. Therefore, the CTL method is
currently almost exclusively used for harvesting in some European countries, such as Finland, Sweden,
and Norway [7,8]. Duc to its high productivity, greater expansion in Czechia and other Central and
Eastern European countries can be expected, in connection to addressing the bark beetle crisis.

However, there are barriers to increasing the share of mechanized CTIL harvesting. Ferrari et al. [9]
mentions, in particular, the large capital expenses needed to purchase the machinery, followed
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by technical constraints such as terrain configuration or specics composition in a given region.
Additionally, a study conducted in the northeastern US showed that conventional whole-tree methods
are more productive than the CIT. logging method when harvesting small-diameter trees [10].
These obstacles reduce the potential share of timber processed by harvester technology in other
European countries [11,12]. In Czechia, the share of timber produced by harvesters was 32% in
2018 [13] and, according to Dvofdk et al. [14], may reach 50% in the future.

Harvesters can help substantially with streamlining the process of keeping production records,
particularly thosc related to the volume of produced timber and its parameters. In practice, the volume
of timber is estimated during or after harvest, and the accuracy of the estimates is vital, because the
volume directly translates to the revenues of forestry enterprises. The sale of timber is the primary source
of revenue in forestry. In addition to the effects of the accuracy of volume estimates on revenue, the
estimates also serve as inputs into forest management records and are used in industrial statistics [15].

The correct determination of the volume of an object depends on its shape. In forest mensuration,
the most widely used sectional methods for volume estimation based on tree stem geometry are
the Smalian, Huber, and Newton formulas. Each of these methods calculates volume based on
cross-sectional areas (circular), measured either at the log ends (Smalian), at its mid-point (Huber),
or at both ends and mid-point (Newton) [16]. The Newton formula gives the most exact results for
all classical geometries, such as paraboloid, cone, and neoloid [17]. However, Smalian and Huber
formulas are preferred in the field, because they are easier to apply, especially with regard to manual
measurement. When comparing the Huber and Smalian formulas, the first is more accurate [16]. It is
difficult to decide which geometric shape best fits a stem, because the average tree stem tapers into a
truncated neoloid at the lowest part, a truncated paraboloid at the central section, and a paraboloid or
cone at the top [18,19]. Moreover, it is virtually impossible to know exactly where one geometry ends
and another begins [20]. In practice, we cannot obtain a uniform stem shape in the forest. Historically,
the Huber method has been preferred to Smalian method in Europe [21].

In order to harmonize the various methods and techniques of timber scaling and grading,
guidclines for measuring and sorting timber have gradually been developed in most countries.
Therefore, we can find different approaches to estimating the volume of timber, and to using these data
to sell and record timber [22-24].

In Central Furope, raw timber is usually sold with the bark, though customers pay for the volume
of merchantable timber, estimated under the bark. Values of timber volume in cubic meters under
bark are then entered into the forest management records [25]. Finnish foresters typically employ
a combined sawmill and harvester measurement system of timber procurement, where timber is
first measured by the harvester and then at the sawmill. The sawmill measurement technology is
considered to be more reliable and accurate. Therefore, this method is the point, to which the harvester
data is referenced, resulting in errors of +4% by the Finnish standards [26]. Use of harvester technology
requires thorough familiarity with machine management, control, and information systems and their
settings. Data from these systems can be used as valid production records, provided the machines
are set up correctly and the measurement accuracy is regularly checked. Measurements are made
over-bark (0.b.) and subsequently converted to under-bark (u.b.) data using various bark thickness
deduction methods [27].

In Czechia, the under-bark volume of timber is typically estimated based on (i) the over-bark,
midspan diameter (in two perpendicular measurements), rounded down to the nearest centimeter
and (i) the required length of a log or stem [28]. Since 2002, the Guidelines for Timber Scaling in
Czechia (GTS) have been used in the production and trade of individual timber assortments [23],
and fully govern a large number of contracts between suppliers and customers. According to the
GTS [23], the under-bark volume of a log is estimated through the I Tuber formula [22]. If diameters are
measured over bark, the parametric nonlinear bark deduction method (PNM) is used to deduct the
double bark thickness. The parameters of the nonlinear models are based on the Czech Cubing Tables
(CCT) specified in the CSN 48 009 technical standard [29].
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The GTS only briefly describe measurements with specialized machines, such as harvesters.
Therefore, Natov and Dvordk [30] compiled the Guidelines for Electronic Scaling of Timber for
Harvesters in Czechia (GIIH). The GEIH serve as a manual for working with the wood procurement,
control, and information systems of harvesters. They describe the recommended settings of harvester
systems that meet the requirements of the StanForD Classic standard [31] and ensure that valid Czech
forest management regulations, as well as the GTS, are respected [30]. The intended purpose of the
GEH was to identify the key differences between the methods of timber scaling used by harvester
systems and harmonization of volume estimation practices used in electronic scaling.

The main sources of differences between the timber volume outputs from the harvester
measurement systems are the algorithm used for volume estimation [15] and the method used
for double bark thickness deduction [27]. The GEH describe the software settings that have a direct
effect on the resulting volume of timber recorded by harvesters, such as selecting the tree species,
bark deduction method, price category (which determines the algorithm for volume estimation),
and length used for volume estimation. To estimate the timber volume, it is first necessary to select
the price category. StanForD [32] offers 14 price categories that use seven different algorithms [15].
The differences between these algorithms in volume estimations of Norway spruce (Picea abies [L.]
Karst) logs were discussed by Lowe et al. [15]. Three of these price categories are relevant to Czech
forestry—M3s, M3toDIi, and M3miDL. The first, the M3s price category, represents the volume
estimation closest to the true volume [32] and, as such, can be used as a reference. The M3s price
category is based on the estimate of partial volumes of 10-cm-long log sections, which are then summed
(Newton method principle). The total volume of the log thus always represents the sum of all volumes
of the log sections. The two other price categories, M3toDI: and M3miDI:, both use an algorithm for
volume estimation based on the Huber formula [22] and the Handelsklassensortierung (sorting of
merchantable timber, ITKS) method [33]. The detailed description of log volumes estimated according
various to price categories was described by Lowe et al. [15].

Lowe et al. [15] pointed out that if the M3toDE and M3miDE price category algorithms are used,
timber production is significantly underestimated. Nevertheless, the GEH [30] promote using the
M3toDE or M3miDE price categories, as they use the same principle of volume estimation as required
by the GTS [23]. For volume estimation, the use of required length must be set in the harvester system.
If it is necessary to express the under-bark volume of timber, the GEH offers two bark deduction
methods that can be used in Czechia: (i) the diameter band bark deduction method (DBM) and (ii) the
parametric linear bark deduction method (PLM). It is not possible to use the PNM according to the GTS,
because polynomial functions are not supported by StanForD. The DBM allows setting the thickness
(in millimeters) to be deducted from the midspan diameter as the double bark thickness with respect to
the diameter interval, to which the log belongs. The values of double bark thickness are based on the
CCT [29]. The parameters for PLLM were modified from parameters issued by Skogforsk [32], because
original parameters were created for the growth conditions of Swedish forestry. The parameters used
for PLM according to the GEIH were created based on the CCT [29]. Different parameters are used for
various tree species. Morcover, the parameters for Scots pine (Pinus sylvestris L.) differ even for one
stem, depending on whether stems include rough (butt log) bark or normal bark thickness.

This study deals with the determination of the over-bark volume differences of pine logs produced
by harvesters and the subsequent differences of under-bark volume estimates resulting from using bark
deduction methods recommended by the GEII [30] compared to the polynomial function reported
by GTS [23]. The aims of this study are: (i) to confirm that the volume estimated using the M3toDE
price category algorithm significantly underestimates the volume compared to the M3s price category
algorithm, (ii) to analyze the differences between over-bark volumes estimated by M3s and M3toDE
price categories for various assortment grades, (iii) to analyze the differences between over-bark
volumes estimated by M3s and M3toDE price categories for various required length categories,
(iv) to analyze the differences between M3toDE under-bark volumes obtained by three different
bark deduction methods (DBM, PLM, PNM), using parameters for Scots pine stems with rough bark

51



Forests 2020, 11, 626 40f 16

(butt logs), and (v) to analyze the differences between M3toDE under-bark volumes obtained by three
different bark deduction methods (DBM, PLM, PNM), using parameters for Scots pine stems with
normal bark thickness.

2. Materials and Methods

2.1. Data Collection

Data were obtained from a John Deere 1270E harvester equipped with a Waratah 480C harvester
head. The harvester was a mid-performance machine, the most common harvester class in Czechia [34].
The TimberMatic control and information system (1.19, Deere & Company: Moline, IL, USA) saved
data in the unified StanForl) Classic standard [31]. The data were collected between March 2017 and
June 2018. Mainly final and salvage fellings were carried out with the machine throughout Czechia.
The harvester almost exclusively processed coniferous trees. Scots pine (Pinus syloestris L.) represented
almost 10% of all stems processed by the machine. We used the same data set as Léwe et al. [15],
however in this study, we only used Scots pine data.

The control and information system of the harvester was pre-set to automatically save stem files
(.stm), which contain metrics (such as length and diameter data) of each felled tree [35]. Lach stem was
cut into 1-14 logs. The stem files contained measured diameters for every 10 cm of log length, as well
as the M3s volume estimate of each log.

To ensurc accuracy of length and diameter measurements, a control measurement was carried out
at the beginning of each work day by measuring 3-5 trees with a Haglof Digitech Professional 11 digital
caliper, equipped with a Digitech Tape and Skalman 6.11 software (Haglof Sweden AB: Langsele, Sweden).
If necessary, length and diameter gauges were automatically calibrated in the harvester head of the
machine. A detailed procedure for control measurement and calibration was described by Lowe et al. [15].

2.2. Data Processing and Categorization of Assortments

Data stored in stem files were transferred to MS Excel file format. For the data conversion, we
used the STeMa application, version 1.0 (author: Natov P., year 2016). The application can read and
extract data from stem files in the Stanl'orD Classic standard. The resulting database was cleared of
extreme values. A total of 4661 stem files were analyzed, containing data on 29,834 produced logs.
The converted variables were as follows:

e Tree species (TS)—distinguished the tree species (this study used only Scots pine logs).

e  Assortment (AS)—contained information about the inclusion of the log into the assortment
according to the required parameters of customers.

e  Midspan diameter (MD)—expressed the log diameter (in mm over bark) measured in the middle
of its required length.

e  Top end diameter (TD)—expressed the log diameter (in mm over bark) measured at the end of
the log required length and served as one of the quantitative parameters for classifying the log
into assortments.

e Total length (TL)—contained the value of the real length of the log (in cm).

e Required length (RL)—contained the value of the minimum required length of the log (in cm) for
the given assortment.

e  Over-bark volume of a log according to the M3s price category (Vyas)—expressed the log volume
(in m? over bark) estimated by using the required length of the log.

We estimated the volume of each log using the algorithm of the M3toDL price category (Vvatonr)-
This volume was estimated based on the required length and the midspan diameter measured in
millimeters and rounded down to the nearest whole centimeter using the HKS method [33]. The log
volume was estimated according to Equation (1):

52



Forests 2020, 11, 626 5o0f 16

Varatonr = 70 X (MD¥4/10000) x RL/100 @)

1

where Viaiopr is the log volume according to the M3tolJE price category (m® over bark), = = 3.14,
MD is the midspan diameter (cm), RL is the required length (cm).

The principle of estimating volume according to the M3s and M3toDE price categories is graphically
illustrated in Figure 1.

M3s M3toDE

10cm

RL {cm) R {em)

Figure 1. The principle of estimating timber volume according to the M3s and M3toDE price categories.
The volume estimated using the M3s price category is based on the estimation of partial volumes
of 10 em long sections, which are then summed. In contrast, the M3toDDE price category estimates
volume based on the midspan diameter (MD) of the log rounded down to the nearest whole centimeter.
Both price categories express the volume of the log using its required length (RL).

Tach log produced by the harvester represented a certain assortment that met specific requirements
of the customer (tree species, top end diameter, required length, grade). When the tree was cut, the
harvester operator first determined the tree species and the quality of timber, then the machine software
suggested a specific assortment to be produced based on pre-set quantitative parameters. The same
grading method was also used by Lowe et al. [15]. Logs were also categorized according to their
required length and midspan diameter. Table 1 shows the relative distribution of required lengths and
midspan diameters of logs in the span of 100 mm over bark for diameters and 100 cm for length.

Table 1. The relative distribution of required lengths and midspan diameters of logs.

Assortment Grade
Midspan Diameter All Logs
Roundwood Pulpwood Firewood

0-100 mm o.b. 6.5% 0.0% 6.7% 33.5%
101-200 mm o.b. 42.6% 15.4% 56.8%

201-300 mm o.b. 37.7% 59.6% 8.4%

301400 mm o.b. 11.9% 22.5% 1.3%

401-500 mm o.b. 1.2% 2.3% 0.0%

501-600 mm o.b. 0.1% 0.2% 0.0%

601-700 mm o.b. <0.1% 0.0% 0.0%
100.0% 100.0% 100.0%

Required Length

0-100 cm 1.2% 0.0% 0.0% 12.6%
101-200 cm 54.7% 0.0% 100.0% 56.9%
201-300 cm. 24.1% 52.3% 0.0% 27.2%

301-400 co. 20.0% 47.7% 0.0% 3.3%
100.0% 100.0% 100.0% 100.0%

Notes: o.b.—over bark.
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2.3. Bark Deduction Methods and Under-Bark Volume Estimates

To estimate the under-bark volume according to the M3toDI price category, two bark deduction
methods (the DBM and the PLLM) available in the control and information systems according to the
GEH [30] were used. Then, the PNM according to the GTS [23] was used as a reference to enable
comparison of the bark deduction method accuracy.

The double bark thickness values within the DBM were determined for 10 diameter bands
published by Wojnar [23] and are shown in Table 2. The second method used for determining the bark
deduction was PLM. The parameters of the lincar model were fitted for Czech growth conditions [30]
and were limited by the upper margin of the midspan diameter to 700 mm over bark, because
most harvesters in the Czechia are equipped with harvester heads that can process logs up to that
diameter [36]. Equation (2) was used to calculate the double bark thickness according to the PLM:

DBTprp =a + MD X b (2)

where DBTpyz is the double bark thickness according to the PLM (mm over bark), MD is the measured
midspan diameter (mm), 2 = 0.00 and b = 0.0482 (for Scots pine logs with normal bark), or 2 = 12.24
and b = 0.0633 (for Scots pine butt logs with rough bark).

Table 2. The double bark thickness values of the diameter band bark deduction method (DBM) used
for under-bark volume estimation of Scots pine timber in harvester systems according to the GEIT [30].
The values for each diameter band vary depending on whether it is a butt log with rough bark or a log
with normal bark thickness.

Scots Pine (Pinus sylvestris)
Double Bark Thickness (DBT gy, mm)
Butt Logs (Rough Bark}) Logs (Normal Bark)

Midspan Diameter (mm o.b.)

0-79 17.71 2.86
80-149 20.00 414
150-219 22.86 571
220-289 26.57 8.43
290-359 30.71 11.71
360-429 35.29 15.86
430499 40.14 20.29
500-569 4543 2543
570-639 51.14 31.14
640-700 57.00 37.43

Notes: o.b.—over bark, DBTpgy—double bark thickness according to the diameter band bark deduction method.

To compare, the double bark thickness was also determined by the PNM, as reported by Wojnar [23].
The parameters of the PNM are, similarly to the PLM, based on the CCT [29]. However, the PNM uses
a quadratic equation, and therefore cannot be used in the harvester system. The Fquation (3) was used
to calculate the double bark thickness according to the PNM:

DBTPNM =po+ m X ]\/ID"2 (3)

where DBTpyy is the double bark thickness according to the PNM (mm over bark), MD is the measured
midspan diameter (mm), py = 0.24017, p; = 0.001915 and p, = 1.7866 (for Scots pine logs with normal
bark), or pg = 1.7015, p1 = 0.008762 and p;, = 1.4568 (for Scots pine butt logs with rough bark).

A graphical comparison of the double bark thickness curves of all three bark deduction methods
is shown in Figure 2.
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Figure 2. Comparison of double bark thickness curves using three various bark deduction methods
(PNM, PLM, DBM) for Scots pine butt logs with rough bark (A) and for Scots pine logs with normal
bark thickness (B).

Subsequently, we estimated the under-bark volume (m®) for each log using these three bark
deduction methods (DBM, PLM, PNM). To estimate the under-bark volumes, only the M3toDE price
category was used throughout this study as recommended by Natov and Dvofdak [30] for harvesters
in Czechia. Therefore, Equation (1) was used again. However, in this case, the value of midspan
diameter (MD; cm) used in Equation (1) was the value obtained by subtracting the double bark
thickness (DB'T, mm) from the measured midspan diameter (MDD, mm over bark), rounded down to the
nearest centimeter. By substituting the calculated under-bark midspan diameter (cm) into the formula,
the under-bark volume (m®) was estimated. The under-bark volumes estimated according to these
three different bark deduction methods were identified as Vpgym, Vv, and Veau.

The log cut first from each stem was identified as the butt log. Butt logs were assumed to have
rough bark, and therefore the under-bark volume estimates were simulated using parameters for Scots
pine butt logs with rough bark. Tor the remaining logs (from the second to the last log), where rough
bark was not expected, the under-bark volume estimates were simulated using parameters for Scots
pine logs with normal bark thickness.
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2.4. Data Analyses

Statistical analyses were performed in the statistical software R [37]. Descriptive statistics were
used to obtain average and summary values of individual variables. Data normality was always tested
using the Kolmogorov-Smirnov normality test. Paired Wilcoxon rank-sum tests were used to test the
differences between over-bark volumes estimated according to the M3s and M3toDE price categories
in individual assortment grades and required length categories. Friedman’s ANOVA was used to test
the differences between the M3toDL under-bark volume estimates using the DBM, PLM and PNM
bark deduction methods. The Neményi post-hoc test, followed by the Bonferroni method for p-value
correction, was used for multiple comparisons. A significance level of « = 5% was chosen for all
statistical tests.

3. Results

Overall, 4661 Scots pine stems were processed into 29,834 logs by the machine. The logs were
measured by the machine and two different algorithms of the M3s and M3toDIi price categories were
used for over-bark volume estimation (Table 3). The total over-bark volume of all logs estimated by
the M3s price category was higher than that estimated by the M3toDE price category. This was also
true for the total over-bark volume of the logs in each assortment grade (Table 3).

Table 3. Measured Scots pine timber parameters and estimated over-bark volumes of logs according to
the M3s and M3toDE price categories.

Assortment Grade

Parameter of Logs All Logs
Roundwood Pulpwood Firewood
1n=29,834 n=12,276 n=14,751 n = 2807
Mean TL (cm) 259 (SD = 85) 344 (66) 203 (2) 180 (66)
Mean RL (cm) 252 (81) 332 (65) 200 (0) 180 (66)
Mean MD (mm o.b.) 209 (78) 261 (62) 181 (64) 128 (55)
Mean TD (mm o.b.) 198 (77) 250 (59) 169 (64) 118 (56)
Total Vygss (m? 0.b.) 344418 2525.89 843.98 74.31
Total Vygatopr (n® 0.b.) 3220.94 2335.43 814.77 70.75
RID (% —6.48 -7.54 —3.46 —5.80

Notes: o.b.—over bark, SD—standard deviation, n—number of logs, Tl.—total length, RI.—required length,
MD—midspan diameter, TD—top end diameter, Viyzs—log over-bark volume estimate according to the M3s price
category [32], Vmaopu—Ilog over-bark volume estimate according to the M3toDT: price category [32], RD—relative
difference between the total over-bark volume of logs estimated according to the M3s price category and the total
over-bark volume estimated according to the M3toDE price category.

A significant difference was found between mean over-bark log volumes estimated according
to the M3s and M3toDE price categories (V = 406,897,487, p < 0.001), as Figure 3 shows. Significant
differences between mean over-bark log volumes were also found in individual assortment grades—in
the roundwood (V = 75,194,338, p < 0.001), pulpwood (V = 86,078,798, p < 0.001) and firewood
(V =2,645,658, p < 0.001), as Figure 4 shows.

Significant differences between mean over-bark log volumes were also found in each required
length category of logs—in the 0-100 cm (V = 36,568, p = 0.01), in the 101-200 cm (V = 102,461,502,
p <0.001), in the 201-300 cm (V = 25,761,921, p < 0.001), and in the 301-400 cm (V = 17,624,249, p < 0.001)
categorics, as Figure 5 shows.
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Figure 3. Differences between mean over-bark volumes estimated according to the M3s and M3toDE
price categories, regardless of Scots pine log assortment grade. The different letters (a, b) indicate
statistically significant differences revealed by the paired Wilcoxon rank-sum test (& = 5%), error bars
indicate a 95% confidence interval.
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Figure 4. Differences between mean over-bark volumes estimated according to the M3s and M3toDE
price categories in individual assortment grades of logs. The different letters (a, b) indicate statistically
significant differences revealed by the paired Wilcoxon rank-sum test (o = 5%) for cach grade separately.
Assortment grades are distinguished by text indices (RW, PW, FW), the error bars indicate a 95%
confidence interval.
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Figure 5. Differences between mean over-bark volumes estimated according to the M3s and M3toDE
price categories in individual required length categories of logs. The different letters (a, b) indicate
statistically significant differences revealed by the paired Wilcoxon rank-sum test (x = 5%) for each
grade separately. Required length categories are distinguished by indices (100, 200, 300, 400), the error
bars indicate a 95% confidence interval.

After separating butt logs from other logs, double bark thickness was determined for each log in
both groups according to the DBM, PLM, and PNM bark deduction methods. These values were then
used individually to estimate under-bark volumes of the log according to the M3toDE price category
(Table 4). 'The mean required length of butt logs was 292 cm and their mean midspan diameter was
267 mm. In contrast, the mean required length of other logs was 245 cm and their mean midspan
diameter was 196 mm. In the butt log group, bark accounted for 175.58 m® (18.91%) of the total volume
when using the DBM. Linear modelling (the PLM) yiclded a difference between over- and under-bark
volume of 185.93 m® (20.03%) and the PNM yielded a difference 177.32 m® (19.10%). In the other
log group, bark accounted for 165.30 m?® (7.21%) of the total volume when using the DBM. The PLM
yielded a difference between over- and under-bark volume of 231.97 m? (10.12%) and the PNM yielded
a difference 167.32 m® (7.30%).

We found a significant difference between the under-bark volumes estimated through the selected
bark deduction methods for butt logs (Friedman x? = 1076.7, df = 2, p < 0.001) and also for other logs
(Friedman x? = 13,710, df = 2, p < 0.001). However, multiple comparisons revealed that the difference
between under-bark volume estimates using the DBM and the PNM was not significant for butt logs
(p = 0.099; Figure 6A), as well as for other logs (p > 0.99; Figure 6B).
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Table 4. Measured Scots pine timber parameters and estimated under-bark volumes, using three
different bark deduction methods (12BM, PLM, PNM), for butt logs with rough bark and other logs

with normal bark thickness.

Parameter of Logs

Scots Pine (Pinus sylvestris)

Butt Logs (Rough Bark) Logs (Normal Bark)

n = 4661 n=25173
Mean Vagong (m® 0.b.) 0.199 0.091
Total Vasiene (i 0.b.) 928.266 2292675
Mean DBTpgy (mm) 28.2 6.7
Mean DBTp; pm (mm) 29.7 9.5
Mean DBTpnp (mm) 28.4 6.7
Total Vpgy (m? wb.) 752.686 2127.379
Total Vprpt (m® ub.) 742334 2060.705
Total Vpyy (m® ub.) 750.945 2125.359

Notes: o.b.—over bark, -—number of logs, Vyzepe—Ilog over-bark volume estimate according to the M3toDE price
category, DBTypy—double bark thickness according to the diameter band bark deduction method, DBTpp \y—double
bark thickness according to the parametric lincar bark deduction method, DBTpyy—double bark thickness according
to the parametric nonlinear bark deduction method, Vppy—log under-bark volume estimate according to the
M3toDE price category, using the diameter band bark deduction method, Vpra—log under-bark volume estimate
according to the M3toDE price category, using the parametric linear bark deduction method, Vpypy—Ilog under-bark
volume estimate according to the M3toDE price category, using the parametric nonlinear bark deduction method.
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Figure 6. Differences between mean under-bark volumes of (A) Scots pine butt logs with rough
bark and (B) Scots pine logs with normal bark thickness, estimated according to the M3toDE price
category using selected bark deduction methods: PLM—Parametric linear bark deduction method [30],
DBM—Diameter band bark deduction method [30], PNM—Parametric nonlinear bark deduction
method [23]. The different letters (x, y) indicate significant differences revealed by the Neményi post-hoc
test with Bonferroni p-value correction («x = 5%), the error bars indicate a 95% confidence interval.

4. Discussion

The total over-bark volume of all produced Scots pine logs estimated according to the M3s price
category was 6.48% higher than the total volume estimated by the M3toDLi price category. A significant
difference was also found for the mean over-bark log volumes estimated through the two price
categories, both for all logs and particular assortment grades. Lowe et al. [15] found similar results in
a study of Norway spruce (Picea abies [1..] Karst) logs, where the results revealed that the difference
between the total volumes of these two price categories was 5.67% and significant for the roundwood,
pulpwood, and firewood grades. The relative differences found between the total volume estimated by
the M3s and M3toDe price categories in this study and in the study conducted by Léwe et al. [15] could
be caused by the tree species that was studied. The measured parameters of each tree species can be
affected by thickness and structure of the bark, surface and tapering of the stem, branching density, etc.
The midspan diameter and required length distributions of studied logs can also have some effect on
the relative difference between total volumes. Our results revealed significant differences between
mean over-bark volumes estimated by the M3s and M3toDe price categories, regardless of the log
required length.

However, based on the specific historical development of forestry in Czechia, the volume of timber
is typically estimated using the Huber formula [21] and from the log midspan diameter rounded down
to the closest centimeter [28]. This is despite the fact that it has been proven that the determination of
volume according to the Huber method underestimates the volume for geometric shapes, stch as cone
and neoloid, compared to the volume estimate by the Newton section method [16]. Therefore, unless
the overall approach to volume estimate in Czechia changes, the M3toDE or M3miDE price categories
(which use the same algorithm for volume estimation) need to be used in the control and information
systems of harvesters to comply the national standards and ensure records compatibility.

To estimate under-bark volumes of Scots pine logs produced by harvesters comparable to the
under-bark volume estimates according to Wojnar [23], the IDBM should be used rather than the PLM
bark deduction method proposed by Natov and Dvotak [30]. There was no significant difference
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between the mean under-bark volumes estimated by the DBM and the PNM; this result was found
both for butt logs and other logs.

However, it is important to note that the compared existing double bark thickness estimation
methods are based on dated material (the CCT were compiled in the 1970s). This is important, because,
e.g., Stangle and Dormann [38] and Stangle et al. [39], found that bark generation by trees has decreased
in Germany in a similar time frame. Therefore, perhaps the underlying data set should be evaluated
for validity.

For butt logs, we found that the difference between over-bark and under-bark M3toDE volumes
was the largest when using the PLM and smallest when using the DBM. Although there was a
statistically significant difference between the PLM and the PNV, the relative difference between these
methods was only 0.93% of the total over-bark volume. In comparison with other Scots pine logs with
normal bark, the difference between over-bark and under-bark volumes was also the largest when
using the PLM and smallest when using the DBM, while the relative difference between the PLM and
the PNM was significantly higher and reached 2.82%. According to other studies, bark can account
for 6% to 20% of the total log volume [40-42]. Lieping and Licpins [43] found that the average bark
proportion in Scots pine stem varies from 5.5% to 34.5%. These variations can be explained mainly
by the effect of tree age or its size. Bark thickness is also affected by the climatic zone, stem form,
site quality, latitude of forest stands, and other aspects [44-46]. Several bark variations of Scots pine
also exist [47].

When using the DBM and the PLM, different parameters are applied for butt logs with rough bark
and other logs with “normal” bark thickness. In this study, these methods were applied to individual
logs to demonstrate the differences in bark thickness. However, in practice, after cutting a tree, the
harvester operator must decide whether to choose a bark deduction for rough bark or for normal bark
thickness and, then, this type is used for all logs produced from the stem. The control and information
system of harvesters does not allow the selection of parameters for bark deduction for each log.

To obtain reliable outputs from harvesters, regular control measurements of harvester measuring
systems and, if necessary, calibration of the harvester, have to be performed [15]. If the settings of
individual timber production parameters of the control and information systems are understood
and regular control measurements of the accuracy of the measuring systems are performed, output
estimates of timber production comparable to those based on other measurement methods, e.g., manual
scaling or timber scanning, can be obtained [23].

5. Conclusions

In this study, we found that recording the over-bark volume of Scots pine logs through the M3toDE
price category resulted in its significant underestimation, compared to the reference M3s price category.
This would result in smaller revenues of foresters who use this price category to market their timber.
On average, about one-fifth of the butt log volume consisted of bark, whereas bark accounted for less
than 10% of the volume of other logs. The differences between the two studied double bark thickness
deduction methods and the reference PNM showed that only linear modelling (the PL.M) provided
significantly different results, while differences between PNM and DBM were insignificant. Based on
these results, we strongly recommend using the DBM if harvester outputs are to be compared with the
GTS results that use the PNM.

Because setting PLM parameters is simpler and saves time compared to setting individual DBM
values, the PLM can still be considered when using parameters for butt logs with rough bark. In this
case, statistically significant differences between the PLM and the PNM were also found, however,
the overall difference was smaller than 1%. On the other hand, this would complicate comparison with
manual measurement records. For other logs, with normal bark thickness, we strongly recommend
not using the PLM. In order to support these results, it would be appropriate to carry out a similar
experiment on a larger dataset from different harvesters. It would also be useful to carry out other
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